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Abstract 

A combination is presented of the inclusive deep inelastic cross sections measured by the 
HI and ZEUS Collaborations in neutral and charged current unpolarised e ± p scattering at 
HERA during the period 1994-2000. The data span six orders of magnitude in negative 
four-momentum-transfer squared, Q 2 , and in Bjorken x. The combination method used 
takes the correlations of systematic uncertainties into account, resulting in an improved 
accuracy. The combined data are the sole input in a NLO QCD analysis which determines a 
new set of parton distributions, HERAPDF1.0, with small experimental uncertainties. This 
set includes an estimate of the model and parametrisation uncertainties of the fit result. 
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1 Introduction 

Deep inelastic scattering (DIS) at HERA has been central to the exploration of proton structure 
and quark-gluon interaction dynamics as prescribed in perturbative Quantum Chromodynamics 
(QCD). HERA allowed inelastic ep interactions to be studied at high centre-of-mass energy, 
V* - 320 GeV, where s = 4E e E p , the lepton beam energy E e 27.5 GeV and the proton beam 
energy E p = 920 GeV for most of the running period. Operation of HERA proceeded in two 
phases, HERA I, from 1992-2000, and HERA II, from 2002-2007. The luminosity collected by 
each of the collider experiments, HI and ZEUS, in unpolarised e + p and e p scattering during 
the first phase was approximately lOOpb 'and 15pb~', respectively. 

The paper presents the combination of the published HI [1-5] and ZEUS [6-14] measure- 
ments from HERA I on inclusive DIS in neutral (NC) and charged current (CC) reactions which 
cover a wide range of negative four-momentum-transfer squared, Q 2 , and Bjorken x. The com- 
bination is performed using a method introduced in [15] and extended in [1]. This also provides 
a model-independent check of the data consistency. The correlated systematic uncertainties 
and global normalisations are fitted such that one coherent data set is obtained. Since HI and 
ZEUS have employed different experimental techniques, using different detectors and methods 
of kinematic reconstruction, the combination leads to a significantly reduced uncertainty. 

The combined data set contains complete information on inclusive DIS cross sections pub- 
lished by the HI and ZEUS collaborations based on data collected in the years 1994-2000. The 
kinematic range of the NC data is 6 • 10 7 < x < 0.65 and 0.045 < Q 2 < 30000 GeV 2 , for values 
of inelasticity y between 0.005 and 0.95, where y = Q 2 /sx. The kinematic range of the CC data 
is 1.3 • 10" 2 < x < 0.40 and 300 < Q 2 < 30000 GeV 2 , for values of y between 0.037 and 0.76. 
An extensive overview of the results on HERA I data from both HI and ZEUS is given in [16]. 

Analyses of the x and Q 2 dependences of the NC and CC DIS cross sections measured at 
HERA have determined sets of quark and gluon momentum distributions in the proton, both 
from HI [2] and ZEUS [17]. In such analyses, the lower Q 2 NC data determine the low-x sea 
quark and gluon distributions. The high-<2 2 CC data, together with the difference between NC 
e + p and e p cross sections at high Q 2 , constrain the valence quark distributions. The use of 
the HERA CC data allows the down quark distribution in the proton to be determined without 
assuming isospin symmetry. In addition, the use of HERA data alone for the determination 
of parton distribution functions (PDFs) eliminates the need for heavy target corrections, which 
must be applied to DIS data from nuclear targets. In this paper the combined HERA data are 
used to determine a new set of parton distributions termed HERAPDF1.0. Consistency of the 
input data ensures that the experimental uncertainty of the HERAPDF1 .0 set can be determined 
using rigorous statistical methods. Uncertainties resulting from model assumptions and from 
the choice of PDF parametrisation are also considered, similarly to [2]. 
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The paper is organised as follows. In section 2 the measurements by HI and ZEUS and the 
input data are described. In section 3 the combination of the NC and CC data sets from HI 
and ZEUS is discussed. The QCD analysis is described in section 4. A summary is given in 
section 5. 



2 Measurements of Inclusive DIS Cross Sections 
2.1 Cross Sections and Parton Distributions 

The neutral current deep inelastic e ± p scattering cross section, at tree level, is given by a linear 
combination of generalised structure functions. For unpolarised beams it can be expressed as 



d 2 (r e J Q 4 x ~ _Y_ ~ y 2 



where the electromagnetic coupling constant a, the photon propagator and a helicity factor are 
absorbed in the definition of the reduced cross section cr* NC , and Y+ = 1 + (1 -y) 2 . The functions 
F 2 , F L and xFt, depend on the electroweak parameters as [18] 

F 2 = F 2 - Kz v e -Fl z + 4(v 2 e +a 2 )-Fi, 
F L = F L - K Z v e ■ Ff + k 2 z (v] + a]) ■ Ff , 

xF?, = Kzci e ■ xFg - /cf • 2v e a e ■ xF z . (2) 

Here v e and a e are the vector and axial-vector weak couplings of the electron to the Z boson and 
Kz(Q 2 ) = Q 2 /[(Q 2 + M|)(4 sin 2 6 W cos 2 8 W )]. The effective values for the electroweak mixing 
angle, sin 2 9 W = 0.2315, and the Z boson mass, M z = 91.187 GeV, are used [19]. At low Q 2 , 
the contribution of Z exchange is negligible and <t, iNC = F 2 - y 2 F L /Y + . The contribution of the 
term containing the structure function F L is only significant for large values of y. 

In the Quark Parton Model (QPM), F L = [20] and the other functions in equation 2 are 
given as 



(F 2 , F\\ ) = [«, 2e u v u , v l u + a z u )(xU + xU) + (e% 2e d v d , v d + a d )(xD + xD)] 



(xFf, xF z ) = 2[(e u a u , v u a u )(xU - xU) + (e d a d , v d a d )(xD - xD)] , (3) 



where e u ,e d denote the electric charge of up- or down-type quarks while v Utd and a u j are the 
vector and axial- vector weak couplings of the up- or down-type quarks to the Z boson. Here xU, 
xD, xU and xD denote the sums of up-type, of down-type and of their anti-quark distributions, 
respectively. Below the b quark mass threshold, these sums are related to the quark distributions 
as follows 

xU = xu + xc , xU = xu + xc , xD = xd + xs , xD = xd + x~s , (4) 

where xs and xc are the strange and charm quark distributions. Assuming symmetry between 
sea quarks and anti-quarks, the valence quark distributions result from 

xu v = xU - xU , xd v = xD - xD . (5) 
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Defining a reduced cross section for the inclusive unpolarised charged current e ± p scattering 



r,CC 



2nx 



M 2 W + Q 2 
K 



d? e-p 
°"cC 

dx&Q 2 



gives a sum of charged current structure functions, analogous to equation 1, as 



cr 



Y + 



r,CC 



r 



(6) 



(7) 



For the Fermi constant, an effective value Gp = 1.16639 x 10 5 GeV~ 2 is used, the W boson 
mass is M w = 80.41 GeV [19]. In the QPM W£ = and the CC structure functions represent 
sums and differences of quark and anti-quark-type distributions depending on the charge of the 
lepton beam as 



W 2 + =xU + xD, xWl =xD-xU, 
From these equations it follows that 



WZ = xU + xD, 



X W~ =xU-xD. (8) 



CT 



r,CC 



xU + (1 - y) xD, cr 



r,CC 



xU + (l- yfxD . 



(9) 



Therefore the NC and CC measurements may be used to determine the combined sea quark 
distribution functions, xU and xD, and the valence quark distributions, xu v and xd v . A QCD 
analysis in the DGLAP formalism [21-25] also allows the gluon momentum distribution, xg, in 
the proton to be determined from scaling violations. 



2.2 Reconstruction of Kinematics 

The deep inelastic ep scattering cross section of the inclusive neutral and charged current reac- 
tions depends on the centre-of-mass energy s and on two kinematic variables, Q 2 and x. Usually 
x is obtained from the measurement of the inelasticity y and from Q 2 and s through the rela- 
tionship x = Q 2 /(sy). The salient feature of the HERA collider experiments is the possibility 
to determine the NC event kinematics from the scattered electron 1 e, or from the hadronic final 
state h, or using a combination of the two. The choice of the most appropriate kinematic recon- 
struction method for a given phase space region is based on resolution, measurement accuracy 
and radiative correction effects and has been optimised differently for the two experiments. The 
use of different reconstruction techniques by the two experiments contributes to the improved 
accuracy of the combined data set. 

For NC scattering, in the "electron method", the inelasticity and the negative four-momentum- 
transfer squared can be calculated using the electron kinematics as 

J/ e = l-T7T, Q e = Z , X e = . (10) 



2E e 1 - y e sy 



e 



Here 2 e = E' e {\ - cos 6 e ), where 9 e is the angle between the scattered electron direction and the 
proton beam direction 2 , E' e is the scattered electron energy, and P T e is its transverse momentum. 



'in this paper, the term electron is used for both electrons and positrons, unless otherwise stated. 
2 In the right-handed HI and ZEUS coordinate systems, the z axis points along the proton beam direction, 
termed the forward direction. The x (y) axis is directed horizontally (vertically). 
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Similar relations are obtained from the hadronic final state reconstruction [26], and are used for 
CC scattering, 

2/i ^2 P T,h Qjj nn 

Uh = TTT , Q h = Z , X h = , (11) 

2E e 1 - y h sy h 

where £/, = 2, (E t - p zi ) is the hadronic E - P z variable with the sum extending over the recon- 
structed hadronic final state particles i, and P T ,h = \HiPx,i\ is me tota l transverse momentum of 
the hadronic final state with p ± i being the transverse momentum vector of the particle i. The 
combination of Pjji and defines the hadronic scattering angle 

tan T = "5~~ < 12) 

which, within the QPM, corresponds to the direction of the struck quark. In the "sigma method" [27] 
the total E - P z variable 

E - P z = E' e {\ - cos B e ) + Yj ( E i - Pz,d = *e + 2* (13) 

i 

is introduced. For non-radiative events this variable equals 2E e such that equations 10 and 11 
can be modified as 

^ = 7F %, Ql = P^, x s = ^l. (14) 

E-P z l-y T syz 

A hybrid "e-sigma method" [3,7,27] uses Q 2 and x^ to reconstruct the event kinematics 

yel. = — = ^ E ' n 2/Z , 2^ = 2^ , X eX = Xy, . (15) 

sx-z E - P z 



An extension of the sigma method [1,2] is 



Ql Ql 



y*=yz, Qi = Ql n = — * — = (16) 

This modification takes radiative effects at the lepton vertex into account by replacing the elec- 
tron beam energy in the calculation of x, in a similar manner to y^. 

The "double angle method" [28,29] is used to reconstruct Q 2 and x from the electron and 
hadronic scattering angles as 

tgn(gfc/2) 2 2 cot(0 g /2) = gL . 

Uda tan(0 e /2) + tan(0 ft /2)' ^ DA e ' tan(0 e /2) + tan(0 A /2) ' %DA sy DA ' K ) 

The method is largely insensitive to hadronization and, to first order, is independent of the 
detector energy scales. However, the hadronic angle is less well-determined than the electron 
angle due to particle loss in the beampipe. In the "PT method" of reconstruction [30] the well- 
measured electron kinematics is used to obtain a good event-by-event estimate of the hadronic 
energy loss, by employing 6 PT = Pr,h/PT,e- This improves both the resolution and uncertainties 
of the reconstructed y and Q 2 . The PT method uses all measured variables to optimise the 
resolution over the entire kinematic range measured, namely, 

6pT ^PT CyOh, Pjhi fipT) ' Eft 

tan—- = , where Zp r = 2E e : . (18) 

2 Pr,e + C(0h, Pr,h> $pt) ■ 2/, 
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The variable 8 PT is then substituted for 0/, in the formulae for the double angle method to deter- 
mine x, y and Q 2 . The detector- specific function C is calculated using Monte Carlo simulations 
as 'Ztruejj/'Lh, depending on 6 h , P T j r and 6 PT . 

The methods of kinematic reconstruction used by HI and ZEUS are given in table 1 as part 
of the specification of the input data sets. 

2.3 Detectors 

The HI [31-33] and ZEUS [34] detectors had nearly An hermetic coverage. They were built 
following similar physics considerations but opted for different technical solutions, both for the 
calorimetric and the tracking measurements. 

The main component of the HI detector was the finely segmented Liquid Argon calorime- 
ter (LAr). It had an inner electromagnetic part and an outer hadronic part. The resolutions, 
cr E , as measured with test beams, are about 0.11 ^E/GeV and 0.50 ^E/GeV for electromag- 
netic and hadronic particles, respectively. The LAr was surrounded by a superconducting coil 
providing a solenoidal magnetic field of 1.16 T and an instrumented iron structure acting as 
a shower tail catcher and a muon detector. In 1996 a major upgrade was performed during 
which the backward detectors were replaced by a Backward Drift Chamber (BDC) attached to 
a new lead fibre calorimeter (SpaCal) with a high resolution (0.07 ^E/GeV) electromagnetic 
section, which comprised 27.5 radiation lengths, followed by a hadronic section. The SpaCal 
calorimeter had a total depth of two hadronic interaction lengths. In the upgraded configuration, 
the innermost central tracking detector of HI contained two silicon detectors, the central and 
backward trackers, CST and BST These were surrounded by the Central Inner Proportional 
chamber, CIP, and the Central Jet Chamber, CJC, which was the main tracking device of HI, 
with wires strung parallel to the beam axis. The CJC had two concentric parts. The CJC was 
complemented by drift chambers to measure the z coordinate, and a further proportional cham- 
ber between the CJC chambers was used for triggering. Tracks in the forward direction were 
measured in the Forward Tracking Detector, FTD, a set of drift chamber modules of different 
orientation. 

The main component of the ZEUS detector was the uranium-scintillator calorimeter (CAL) 
consisting of three parts: forward (FCAL), barrel (BCAL) and rear (RCAL). Each part was 
segmented into one electromagnetic section (EMC) and either one (in RCAL) or two (in BCAL 
and FCAL) hadronic sections (HAC). Under test-beam conditions, the energy resolutions were 
0.18 V£/GeV and 0.35 V^/GeV for the EMC and HAC sections, respectively. The timing 
resolution of the CAL was ~ 1 ns for energy deposits greater than 4.5 GeV. Scintillator-tile pre- 
sampler detectors were mounted in front of the CAL. The RCAL was instrumented at a depth 
of 3.3 radiation lengths with a silicon-pad hadron-electron separator (HES). Charged particles 
were tracked in the central tracking detector (CTD) which operated in a magnetic field of 1.4 T 
provided by a thin superconducting solenoid, positioned inside the BCAL and presampler. The 
CTD was organised in nine superlayers with five axial layers and four stereo layers. Planar drift 
chambers provided additional tracking in the forward and rear directions. The small angle rear 
tracking detector (SRTD), consisting of two orthogonal planes of scintillator strips, was used to 
measure electrons at large 6 e . The angular coverage in the electron beam direction was extended 
with the addition of a small Tungsten- scintillator calorimeter (BPC), located behind the RCAL 
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Table 1: HI and ZEUS data sets used for the combination. The HI svx-mb [1] and 
HI low Q 2 [2] data sets comprise averages including data collected at E p = 820 GeV [35,36] 
and E p = 920 GeV. The formulae for x, Q 2 reconstruction are given in section 2.2. 

at z = -294 cm close to the beam axis, and a silicon microstrip tracking device (BPT) installed 
in front of the BPC. 

Both HI and ZEUS were also equipped with photon taggers, positioned at ^ 100m down 
the e beam line, for a determination of the luminosity from Bethe-Heitler scattering, ep — » epy. 
The measurement accuracy of the luminosity was about 1 - 2% for each of the experiments. 

2.4 Data Samples 

A summary of the data used in this analysis is given in Table 1. In the first years until 1997, the 
proton beam energy E p was set to 820 GeV. In 1998 it was increased to 920 GeV. The NC data 
cover a wide range in x and Q 2 . The lowest Q 2 > 0.045 GeV 2 data come from the measurements 
of ZEUS using the BPC and BPT [6,7]. The Q 2 range from 0.2 GeV 2 to 1.5 GeV 2 is covered 
using special HERA runs, in which the interaction vertex position was shifted forward allowing 
for larger angles of the backward scattered electron to be accepted [1,8,35]. The lowest Q 2 for 
the shifted vertex data was reached using events, in which the effective electron beam energy 
was reduced by initial state radiation [1]. Values of Q 2 > 1.5 GeV 2 were measured using the 
nominal vertex settings. For Q 2 < 10 GeV 2 , the cross section is very high and the data were 
collected using dedicated trigger setups [1,9,36]. The highest accuracy of the cross-section 
measurement is achieved for 10 < Q 2 < 100 GeV 2 [2,9,36]. For Q 2 > 100 GeV 2 , the statistical 
uncertainty of the data becomes relatively large. The high Q 2 data included here were collected 
with positron [3,5,9,13] and with electron [4,1 1] beams. The CC data for e + p and e p scattering 
cover the range 300 < Q 2 < 30000 GeV 2 [3,5,10,12,14]. 
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3 Combination of the Measurements 



3.1 Combination Method 

The combination of the data sets uses the x 2 minimisation method described in [1]. The^- 2 
function takes into account the correlated systematic uncertainties for the HI and ZEUS cross- 
section measurements. For a single data set the^ 2 is defined as 

*e* P On, b) = £ — 3 1 . ; ~I + Z b J ■ (19) 

'' ^stat & \ m ' ~ 2uj y) m ' b j) + ($,uncor m'j j 

Here fx' is the measured value at a point i and y 1 ., (S ijStat and <5, iUncor are relative correlated sys- 
tematic, relative statistical and relative uncorrelated systematic uncertainties, respectively. The 
function xl xp depends on the predictions rri for the measurements (denoted as the vector rri) 
and the shifts bj (denoted as the vector b) of the correlated systematic error sources. For the 
reduced cross-section measurements jx' = cr' r and i denotes a (jc, Q 2 ) point. The summation over 
j extends over all correlated systematic sources. The predictions rri are given by the assumption 
that there is a single true value of the cross section corresponding to each data point i and each 
process, neutral or charged current e + p or e p scattering. 

Equation 19 takes into account that the quoted uncertainties are based on measured cross 
sections, which are subject to statistical fluctuations. Under the assumption that the statistical 
uncertainties are proportional to the square root of the number of events and that the systematic 
uncertainties are proportional to m, the minimum of equation 19 provides an unbiased estima- 
tor of m. For the present cross section measurements, the leading systematic uncertainties stem 
from the acceptance correction and luminosity determination. Therefore, the correlated and un- 
correlated systematic uncertainties are of multiplicative nature, i.e. they increase proportionally 
to the central values. In equation 19 the multiplicative nature of these uncertainties is taken into 
account by multiplying the relative errors y'. and <5 ijUncor by the expectation rri . For the inclu- 
sive DIS cross-section measurements the background contribution is small and the statistical 
uncertainties are defined by the square root of the number of events used to determine cr' r . The 
expected number of events is determined by the expected cross section and it can be also cor- 
rected for the biases due to the correlated systematic uncertainties. This is taken into account 
by the £ 2 stat // (rri - ^jffrtbj) term. 

Several data sets providing a number of measurements are represented by a total x 2 function, 
which is built from the sum of the^ 2 xp functions for each data set e 

(20) 

e 

The data averaging procedure allows the rearrangement of equation 20 such that it takes a form 
similar to equation 19 

W - 2 ,■ yr e m% - ^ ave f „ 

Ai t =*L + Z [ , 3 . \ / ^ + Z^ 2 - w 
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Here //'' ave is the average value at a point i and y': ave , £i, a ve,stat and £j, a ve,uncor are its relative cor- 
related systematic, relative statistical and relative uncorrelated systematic uncertainties, respec- 
tively. The value of corresponds to the minimum of equation 20. The ratio XmiJ ndot ls a 
measure of the consistency of the data sets. The number of degrees of freedom, rc dof , is calcu- 
lated as the difference between the total number of measurements and the number of averaged 
points Nm- The systematic uncertainties b'- are obtained from the original ones, bj, by an or- 
thogonal transformation [1]. The summation of j extends over all independent systematic error 
sources. 

The original double differential cross-section measurements are published with their statisti- 
cal and systematic uncertainties. The statistical uncertainties correspond to (5, tStat in equation 19. 
The systematic uncertainties are classified as either point-to-point correlated or point-to-point 
uncorrelated, corresponding to y\ and 8i m<XK , respectively. Several measurements [7,8,10-14] 
are reported with asymmetric systematic uncertainties and they are symmetrised before per- 
forming the averaging. The resulting average is found to be insensitive to the details of the 
symmetrisation procedure. Global normalisations of the data sets are split into an overall nor- 
malisation uncertainty of 0.5%, common to all data sets, due to uncertainties of higher order 
corrections to the Bethe-Heitler process used for the luminosity calculation, and experimental 
uncertainties which are treated as correlated systematic sources y\. Sources of point-to-point 
correlated uncertainties may be in common for CC and NC data as well as for several data sets 
of the same experiment. The correlations of the systematic uncertainties across the data sets are 
given in table 5. The systematic uncertainties are treated as independent between HI and ZEUS 
apart from the 0.5% overall normalisation uncertainty. 

All the NC and CC cross-section data from HI and ZEUS are combined in one simultaneous 
minimisation. Therefore resulting shifts of the correlated systematic uncertainties propagate 
coherently to both CC and NC data. 

3.2 Corrections and Uncertainties 
3.2.1 Extrapolation to Common (jc, Q 2 ) Grid 

Prior to the combination, the HI and ZEUS data are transformed to a common grid of (x, Q 2 ) 
points. The grid points are chosen such that the interpolation corrections are minimal taking 
advantage of the fact that the original (x, Q 2 ) grids of the HI and ZEUS experiments are similar. 
Furthermore, the chosen grid ensures that no two separate measurements of the same data set 
interpolate to a common grid point 3 . For Q 2 > 0.2 GeV 2 , for the majority of the grid points 
both HI and ZEUS measurements enter the combination. For some of the grid points there is 
no nearby counterpart from the other experiment, giving points in the combined cross section 
which originate from either HI or ZEUS only. Note that through the systematic error correla- 
tion, such data points may be nevertheless shifted with respect to the original measurement in 
the averaging procedure. 

The transformation of a measurement from the given (x, Q 2 ) to the nearest (.%id, <2g rid ) point 
on the grid is performed by multiplying the measured cross section by a ratio of theoretically 

3 An exception is made for the ZEUS SVX [8] data for which five pairs of points are first averaged using 
statistical uncertainties and then added to the combination. 
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calculated double differential cross sections at (%-id, 2g r id) and (x, Q 2 ). This interpolation is 
repeated iteratively. For the first iteration, the HI PDF 2000 parametrisation [5] is used for 
Q 2 > 3 GeV 2 , where it is applicable, and the fractal model fit [1] for Q 2 < 3 GeV 2 . For the 
second iteration, a QCD fit to the first iteration of the averaged data (see section 4) is used for 
Q 2 > 3 GeV 2 and the fractal model fit for Q 2 < 3 GeV 2 . The difference between cross-section 
measurements obtained after the first and second iterations is smaller than a few per mille for 
the NC and 2% for the CC data. The QCD fit obtained using the data from the first iteration 
is to per mille precision identical to the fit obtained using the data from the second iteration. 
Therefore, no further iterations are performed. This procedure is checked using the ZEUS-JETS 
parametrisation [17] for the first iteration. The resulting cross-section difference is negligible 
compared to the experimental precision. 



3.2.2 Centre-of-Mass Energy Correction 

The data sets considered for the combination contain sub-samples taken with a proton beam 
energy of E p = 820 GeV and E p = 920 GeV. Both the CC and NC scattering reduced cross 
sections depend weakly on the energy via terms containing the inelasticity y. For the CC data 
for all values of y and for the NC data for y < 0.35, the uncertainty on the theoretically estimated 
difference between cross sections for E p = 820 GeV and E p = 920 GeV is negligible compared 
to the experimental precision. Therefore the data are corrected to a common centre-of-mass 
energy corresponding to E p = 920 GeV and then averaged. The NC data for y > 0.35 are kept 
separate for the two proton beam energies. 

The correction is calculated multiplicatively for the CC data which is given in full double 
differential form 



CC 920 

dxdQ 2 



dV~ p 

CC 820 

dxdQ 2 



d 2 th, e*-p 
CC 920 



Id 2 / e±P 
' CC 820 



dxdQ 1 dxdQ 1 



(22) 



and additively for the NC data which is quoted in reduced double differential form 



°~r,NC 920 - °V.NC 820 + A<7 "r.Nc(*' & ' > #820, #920 ) • 



r,NC 820 



r th,± 
r,NC v 



(23) 



Here y S2 o and 2/920 are the inelasticities for the two proton beam energies calculated as y = 
Q 2 /4E e E p x. The theoretical cross sections follow the same prescription used for the extrapola- 
tion correction in section 3.2.1. For the neutral current case, 



A<T%(X, Q 2 , J/820, 3/920) = F^(x, Q 2 ) 



#820 



#920 



Y + 



820 



Y + 



920 



+ xF l Hx, Q 2 ) 



820 



-920 



Y + 



820 



Y + 



920 



. (24) 



where Y+ 820,920 = 1 ± (1 - #820,92o) 2 - The largest uncertainty in equation 24 stems from the 
calculation of the structure function F*. To estimate the uncertainty on the combined data 
arising from the centre-of-mass energy correction another average is performed assuming = 
0. The difference between this and the nominal average is at most 0.1% and thus the uncertainty 
on the averaged cross section resulting from the centre-of-mass energy correction is negligible. 
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3.2.3 Procedural Uncertainties 

The x 2 function given by equation 19 treats all systematic uncertainties as multiplicative, i.e. 
proportional to the expected central values. While this generally holds for the normalisation 
uncertainties, this may not be the case for the other uncertainties. To study the sensitivity of the 
average result to this issue, an alternative averaging is performed, for which only normalisation 
uncertainties are taken as multiplicative while all other uncertainties are treated as additive. The 
difference between this average and the nominal average result is used as a correlated procedural 
error £ ave ,rei- The typical size of £ ave ,rei is below 0.5% for the low Q 2 data reaching a few percent 
for high Q 2 . 

The HI and ZEUS collaborations use similar methods for detector calibration and employ 
similar Monte Carlo simulation models for radiative corrections, for the hadronic final state 
simulation and for photoproduction background subtraction. Such similarities may lead to cor- 
relations between the HI and ZEUS measurements. To investigate the effect of possible correla- 
tions, 12 sources of similar systematic uncertainties of the two experiments are identified. These 
are related to the photoproduction background, the electromagnetic and hadronic energy scales 
and the electron scattering angle. Then 2 12 different averages are calculated assuming each of 
the 12 pairs to be correlated or uncorrelated, and these alternative averages are compared to 
the nominal average for which all sources are assumed to be uncorrelated. By studying these 
averages it is found that the only two systematic sources which result in significantly differ- 
ent average cross sections are the photoproduction background and the hadronic energy scale. 
The differences between the nominal average and the averages in which systematic sources 
for the photoproduction background and hadronic energy scale are considered to be correlated 
are taken as additional procedural uncertainties <S a ve,yp and £ ave ,had- Typical values of <S ave>yp and 
#ave,had are below 0.5%. As expected, £ ave , yp is larger at high y > 0.5 while £ ave , had is significant 
for low y only. 



3.3 Results 

The average NC and CC cross sections and the structure function F 2 together with statistical, 
uncorrelated systematic and procedural uncertainties are given in tables 6-17. The full informa- 
tion about correlation between cross-section measurements can be found elsewhere [37]. The 
total integrated luminosity of the combined data set corresponds to about 200 pb 1 for e + p and 
30 pb 1 for e p. In total 1402 data points are combined to 741 cross-section measurements. 
The data show good consistency, with^ 2 /n do f = 636.5/656. For the measurement at the point i 
of the data set e which has measurements of other data sets averaging to the same (x, Q 2 ) point, 
the pull p' e can be defined 

pl ,e = V I ^ (25) 

J A 2 - A 2 

A/ i,e r,ave 

where A ie (A, ave ) is the statistical and uncorrelated systematic uncertainty added in quadrature 
for the measurement e (average). The distribution of pulls shows no tensions for all processes 
across the kinematic plane, see figure 1. 
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Data set 


Shift 




b 


OTnorm) 


HI svx-mb [1] 


-0.24 


(-0.2%) 


HI low Q 2 [2] 


-0.45 


(-0.4%) 


HI 94 - 97 [3] 


-0.65 


(-0.9%) 


HI 98 - 99 [4,5] 


-0.05 


(-0.1%) 


HI 99 - 00 [5] 


-0.19 


(-0.3%) 


ZEUS BPC [6] 


0.23 


(0.3%) 


ZEUS BPT [7] 


-0.03 


(-0.1%) 


ZEUS SVX [8] 


0.78 


(1.2%) 


ZEUS 94-97 [9,10] 


0.44 


(0.8%) 


ZEUS 96 - 97 low Q 2 [9] 


-1.10 


(-1.1%) 


ZEUS 98 -99 [11,12] 


0.05 


(0.1%) 


ZEUS 99 -00 [13,14] 


-0.18 


(-0.4%) 



Table 2: Shifts of global normalisation of the data sets in units of the normalisation uncertainty 
(and in percent of the original cross sections). 

There are in total 110 sources of correlated systematic uncertainty, including global normal- 
isations, characterising the separate data sets. None of these systematic sources shifts by more 
than 2 cr of the nominal value in the averaging procedure. The distribution of pulls for the cor- 
related systematic sources, defined as p s = bj ave /(\ - A 2 , . ave ) 1/2 , where A b . ave is the uncertainty 
of the source j after the averaging, is given in figure 2. The shifts of the global normalisation 
for each input data set are given in table 2. The absolute normalisation of the combined data 
set is to a large extent defined by the most precise measurements of NC e + p cross section in the 
10 < Q 2 < 100 GeV 2 kinematic range. Here the HI [2] and ZEUS [9] results move towards 
each other and the other data sets follow this adjustment. 

The influence of several correlated systematic uncertainties is reduced significantly for the 
averaged result. For example, the uncertainty due to the HI LAr calorimeter energy scale is 
reduced by 55% while the uncertainty due to the ZEUS photoproduction background is reduced 
by 65%. There are two main reasons for this significant reduction. Since HI and ZEUS use 
different reconstruction methods, described in section 2.2, similar systematic sources influence 
the measured cross section differently as a function of x and Q 2 . Therefore, requiring the cross 
sections to agree at all x and Q 2 constrains the systematics efficiently. In addition, for certain 
regions of the phase space, one of the two experiments has superior precision compared to the 
other. For these regions, the less precise measurement is fitted to the more precise one, with a 
simultaneous reduction of the correlated systematic uncertainty. This reduction propagates to 
the other average points, including those which are based solely on the measurement from one 
experiment. 

For Q 2 > 100 GeV 2 the precision of the HI and ZEUS measurements is about equal and 
thus the systematic uncertainties are reduced uniformly. For 2.5 < Q 2 < 100 GeV 2 and for 
Q 2 < 1 GeV 2 the precision is dominated by the HI [1,2] and by the ZEUS [7] measurements, 
respectively. Therefore the overall reduction of the uncertainties is smaller, and it is essen- 
tially obtained from the reduction of the correlated systematic uncertainty. For example, for 
Q 2 ~ 30 GeV 2 the obtained precision of 1.1% is dominated by the data of [2], where 1.3% un- 
certainties are reported. The correlated error part of the full uncertainty is reduced from about 
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75% in [2] to 55% in the combined measurement. The total uncertainty is typically smaller than 
2% for 3 < Q 2 < 500 GeV 2 and reaches 1% for 20 < Q 2 < 100 GeV 2 . The uncertainties are 
larger for high inelasticity y > 0.6 due to the photoproduction background. 

In figures 3 and 4, averaged data are compared to the input HI and ZEUS data. In figures 5 
and 6, the combined NC e + p data at very low Q 2 and at low Q 2 are shown. In figures 7 and 8, 
the combined NC e + p and ep data at high Q 2 are shown. In figure 9 the e + p NC reduced cross 
section, for Q 2 > 1 GeV 2 , is shown as a function of Q 2 for the HERA combined e + p data and 
for fixed-target data [38,39] across the whole of the measured kinematic plane. The combined 
NC e ± p reduced cross sections are compared in the high-<2 2 region in figure 10. In figures 11 
and 12 the combined data set is shown for CC scattering at high Q 2 . The HERAPDF1.0 fit, 
described in the next section, is compared to the data in the kinematic region suitable for the 
application of perturbative QCD. 



4 QCD Analysis of the Combined Data 

4.1 Definition of x 2 and Treatment of Systematic Uncertainties 

The combined data set on NC and CC e + p and e~p inclusive cross sections is used as the sole 
input for a next-to-leading order (NLO) QCD PDF fit, called HERAPDF1.0. The form of the 
X 2 used for this fit follows equation 19. The consistency of the present input data justifies the 
use of the conventional^- 2 tolerance, A^ 2 = 1, when determining the experimental uncertainties 
on the HERAPDF1.0 fit. 

The role of correlated systematic uncertainties should be considered carefully when defining 
the^ 2 for PDF fits. Global fits have used the Hessian method [40,41], the Offset method [42,43] 
and quadratic combination [44,45]. In fits to HERA data alone, HI have used the Hessian 
method [2,5] and ZEUS have used the Offset method [17]. These different methods can lead 
to quite different estimates of the PDF central values and uncertainties [46,47], with the Offset 
method giving the largest uncertainties if the correlated systematic uncertainties are larger than 
the statistical uncertainties of the data sets. 

In the present analysis, the combination of the HI and ZEUS data sets is done by a Hes- 
sian procedure under the assumption that there is only one true cross-section value for each 
process (NC or CC, e + p or e p scattering) at each (x, Q 2 ) point. This results in a data set with 
correlated systematic uncertainties which are smaller or comparable to the statistical and uncor- 
rected uncertainties. Thus the central values and experimental uncertainties on the PDFs which 
are extracted from the combined data are not much dependent on the method of treatment of 
correlated systematic uncertainties in the fitting procedure. The most conservative estimate of 
uncertainties still results from the use of the Offset method for all 113 systematic errors. How- 
ever, this procedure is very cumbersome and in practice a very similar uncertainty estimate is 
obtained from using the Offset method only for the largest correlated systematic errors, namely 
the three procedural errors (see section 3.2.3). Thus for the central fit, the 110 systematic un- 
certainties which result from the ZEUS and HI data sets are combined in quadrature, and the 
three sources of uncertainty which result from the combination procedure are treated by the 
offset method. The^ 2 per degree of freedom for this fit is 574/582; for a fit combining all 113 
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uncertainties in quadrature the^ 2 is 532 and for a fit treating all 113 by the Hessian method 
the x 1 is 579. The resulting experimental uncertainties on the PDFs are small. Therefore, a 
thorough consideration of further uncertainties due to model assumptions and parametrisation 
dependence is necessary. 

4.2 Theoretical Formalism and Assumptions 

The QCD predictions for the structure functions are obtained by solving the DGLAP evolution 
equations [21-25] at NLO in the MS scheme with the renormalisation and factorisation scales 
chosen to be Q 2 . The programme QCDNUM [48] is used and checked against the programme 
QCDfit [49]. The DGLAP equations yield the PDFs at all values of Q 2 if they are provided 
as functions of x at some input scale Q^. This scale is chosen to be <2 ( 2 = 1.9 GeV 2 such that 
the starting scale is below the charm mass threshold, <2o < m ?- The light quark coefficient 
functions are calculated in QCDNUM. The heavy quark coefficient functions are calculated in 
the general-mass variable- flavour-number scheme of [50], with recent modifications [51,52]. 
The heavy quark masses m c = 1.4 GeV and = 4.75 GeV are chosen following [45]. The 
strong coupling constant is fixed to a s (M^) = 0.1176 [19]. 

The HERA data have a minimum invariant mass of the hadronic system, W, of 15 GeV and 
a maximum x of 0.65, such that they are in a kinematic region where there is no sensitivity to 
target mass and large- x higher-twist contributions. A minimum Q 2 cut of Q 2 njn = 3.5 GeV 2 is 
imposed to remain in the kinematic region where perturbative QCD should be applicable. 

PDFs are parametrised at the input scale by the generic form 

xf(x) = Ajc b (1 - xf(l + eyjx + Dx + Ex 2 ). (26) 

The parametrised PDFs are the gluon distribution xg, the valence quark distributions xu v , xd v , 
and the w-type and rf-type anti-quark distributions xU, xD. Here xU = xu, xD = xd + xs at 
the chosen starting scale. The central fit is found by first setting the e, D and E parameters 
to zero (this leaves 9 parameters free) and then introducing them in the fit procedure, one at 
a time, to determine the best fit. The best 10 parameter fit has E Uu 0. The other e, D and 
E parameters are then added, one at a time, to determine the best 1 1 parameter fit. The 1 1 
parameter fits do not represent a significant improvement in fit quality compared to the best 
10 parameter fit 4 . The 10 parameter fit, selected as the central fit, has a good^ 2 per degree 
of freedom, 574/582, and satisfies the criteria that all the PDFs are positive and they obey the 
valence quark approximation that xd v > xd at large x. The resulting parametrisations are 



xg(x) = A g x^(l-xf", (27) 

xu v (x) = A u x B -(l-x) c '-(l+E u x 2 ), (28) 

xd B (x) = A^il-xf^, (29) 

xU(x) = A x B °(l-x) c °, (30) 

xD(x) = A D x B °(l- xf°. (31) 



The normalisation parameters, A g , A Uv , A^, are constrained by the quark number sum rules and 
momentum sum rule. The B parameters Bq and B 5 are set equal, Bq = Bp, such that there is 

4 The largest decrease in^f 2 is Ax 2 = -5, for a fit which has xd v < xd at large x. 
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A 


B 


C 


E 


xg 


6.8 


0.22 


9.0 






3.7 


0.67 


4.7 


9.7 




2.2 


0.67 


4.3 




xU 


0.113 


-0.165 


2.6 




xD 


0.163 


-0.165 


2.4 





Table 3: Central values of the HERAPDF1.0 parameters. 



Variation 


Standard Value 


Lower Limit 


Upper Limit 




0.31 


0.23 


0.38 


m c [GeV] 


1.4 


1.35 (fl) 


1.65 


m h [GeV] 


4.75 


4.3 


5.0 


GL [GeV 2 ] 


3.5 


2.5 


5.0 


Ql [GeV 2 ] 


1.9 


1.5<» 


2.5 ( ^ 



(n) Go = 1-8 ic) m c = 1.6 

<fe) / 5 = 0.29 ( '°/ s = 0.34 

Table 4: Standard values of input parameters and the variations considered. 

a single B parameter for the sea distributions. The strange quark distribution is expressed as 
x-independent fraction, f s , of the J-type sea, xs = f s xD at Ql- The central value f s = 0.31 
is chosen to be consistent with determinations of this fraction using neutrino-induced di-muon 
production [45,53]. The further constraint Ag = Ag(l - f s ), together with the requirement 
By = Bg, ensures that xu — » xd as x — » 0. For the central fit, the valence B parameters, B Uv 
and Bd v are also set equal, but this assumption is dropped when parametrisation variations are 
considered. The central values of the parameters are given in Table 3. 

Model uncertainties and parametrisation uncertainties of the central fit solution are evaluated 
by varying the input assumptions. The variation of numerical values chosen for the central fit 
is specified in Table 4. The variation of f s is chosen to span the ranges determined in [45,53]. 
The variations of Ql and f s are not independent, since QCD evolution will ensure that the 
strangeness fraction increases as Ql increases. The value f s = 0.29 is used for Ql = 1.5 GeV 2 
and the value f s = 0.34 is used for Ql = 2.5 GeV 2 in order to be consistent with the choice 
f s = 0.31 at Ql = 1.9 GeV 2 . The variations of Ql and m c are also not independent, since 
Qo < m c is required in the fit programme. Thus when m c = 1 .35 GeV, the starting scale used 
is Ql = 1.8 GeV 2 . Similarly, when Ql = 2.5 GeV 2 the charm mass used is m c = 1.6 GeV. 
In practice, the variations of f s , m c , my, mostly affect the model uncertainty of the xs, xc, xb, 
quark distributions, respectively, and have little effect on other parton flavours. The difference 
between the central fit and the fits corresponding to model variations of m c , m b , f s , Q 2 min are 
added in quadrature, separately for positive and negative deviations, and represent the model 
uncertainty of the HERAPDF1.0 set. 

The variation in Ql is regarded as a parametrisation uncertainty, rather than a model un- 
certainty. At the starting scale the gluon parametrisation is valence like. For the downward 
variation of the starting scale, Ql = 1.5 GeV 2 , a parametrisation which explicitly allows for a 
negative gluon contribution at low x is considered: a term of the form A^x B 9(l - xf'y is sub- 
tracted from the gluon of the standard parametrisation, where C' g = 25 is fixed 5 and A' g and B' g 

5 The fit is not sensitive to this value provided it is high enough (C' > 15) that the term does not contribute at 



20 



are fitted. The variations of mostly increase the PDF uncertainties of the sea and gluon at 
small x. A further variation of parametrisation, allowing B Uo ± B^, increases the uncertainties 
on the valence quarks at low x. Finally, variation of the number of terms in the polynomial 
(1 + ey/x + Dx + Ex 2 ) is considered for each fitted parton distribution. All the 11 parameter 
fits which have E Uv # and one more e, D or E parameter non-zero are considered as possible 
variants 6 . In practice only a small number of them have significantly different PDF shapes from 
the central fit, notably: D Ue ± 0, Dq ± and Dq ± 0. These variations mostly increase the PDF 
uncertainty at high x, but the valence PDFs at low x are also affected because of the constraint 
of the quark number sum rules. The difference between all these parametrisation variations 
and the central fit is stored and an envelope representing the maximal deviation at each x value 
is constructed to represent the parametrisation uncertainty. This parametrisation uncertainty 
should be regarded as indicative rather than exhaustive, for example the reduction on the high-x 
gluon uncertainty at x « 0.5 is due to restrictions of the parameterisations rather than a strong 
data constraint. The total PDF uncertainty is obtained by adding in quadrature experimental, 
model and parametrisation uncertainties. 

In summary, the HERAPDF1.0 analysis has two notable features. Firstly, it uses a con- 
sistent data set with small correlated systematic uncertainties and applies the conventional x 2 
tolerance, A^ 2 = 1, when determining the experimental uncertainties on the PDFs. This data 
set includes four different processes, NC and CC, e + p and e p scattering, such that there is 
sufficient information to extract xU, xD, xd v , xu v PDFs and the gluon PDF from the scaling vio- 
lations. Secondly, this analysis makes an assessment of uncertainties introduced both by model 
assumptions and by assumptions about the form of the parametrisation. 

4.3 Fit Results 

Figures 13-15 show the HERAPDF1.0 distributions, xu v , xd v , xS, xg, as a function of x at the 
starting scale Q 2 = 1.9 GeV 2 and at Q 2 = 10 and 10000 GeV 2 , where xS = 2x(U + D) is 
the sea PDF. Note that for Q 2 > m 2 , xU = xu + xc, and for Q 2 > m?, xD = xd + xs + xb, 
so that the heavy quarks are included in the sea distributions. The break-up of xS into the 
flavours xu sea = 2xu, xd sea = 2xd, xs sea = 2xs, xc sea = 2xc, xb sea = 2xb is illustrated so that 
the relative importance of each flavour at different Q 2 may be assessed. Fractional uncertainty 
bands are shown below each PDF The experimental, model and parametrisation uncertainties 
are shown separately. The model and parametrisation uncertainties are asymmetric. For the 
sea and gluon distributions, the variations in parametrisation which have non-zero e, D and E 
affect the large- x region, and the uncertainties arising from the variation of Ql and Q 2 njn affect 
the small-* region. In particular the parametrisation variation which includes a negative gluon 
term increases the uncertainty on the gluon at low x and low Q 2 . However the gluon distribution 
itself is not negative in the fitted kinematic region. For the valence distributions the non-zero 
e, D and E parametrisation uncertainty is important for all x, and is their dominant uncertainty. 
The total uncertainties at low x decrease with increasing Q 2 due to QCD evolution and reach, 
for instance, 2% uncertainty on xg at Q 2 = 10000 GeV 2 and x < 0.01. 

The break-up of the PDFs into different flavours is further illustrated in figures 16 and 17, 
where the quark distributions xU,xD,xU,xD and xu, xd, xc, xs are shown at Q 2 = 10 GeV 2 . 

large x. 

6 The criteria that all PDFs should be positive or that xd„ > xd at high x are not imposed on these variants. 
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The PDFs xU,xD,xU,xD are closely related to the measurements, see equations 3, 9, and 
are very well constrained at low x. The U flavour is better constrained than the D flavour 
because of the dominance of this flavour in all interactions except e + p CC scattering. The 
quark distributions xd, xs are derived from xD through the assumption on the value of f s , and 
the uncertainty on xs directly reflects the uncertainty on this fraction. The uncertainty on xd 
follows closely that on xD and the uncertainty on xu follows closely that on xU . The charm 
PDF, xc, is shown at Q 2 = 10 GeV 2 , so that the condition Q 2 » m 2 is fulfilled and it may be 
regarded as a fully active parton. However, it is strongly related to the gluon density such that 
it is affected by the same variations which affect the gluon PDF (variation of Ql and Q 2 nin ) as 
well as by the variation of m c . The dominant uncertainty on the charm PDF comes from the 
variation Q 2 = 2.5 GeV 2 . The uncertainty on the bottom PDF, xb (not shown), is dominated by 
the variation of m^. 

Figure 18 shows summary plots of the HERAPDF1.0 distributions at the starting scale Q 2 = 
1.9 GeV 2 and at Q 2 = 10 GeV 2 . Figure 19 shows such plots on a logarithmic scale such that the 
behaviour and the uncertainties of the PDFs at high x are emphasised. 

A cross check of the sensitivity to the heavy-flavour treatment is made by performing a 
fit using an alternative general-mass variable-flavour-number scheme, the ACOT scheme [54]. 
The result of this fit is shown for Q 2 = 10 GeV 2 in figure 20. The PDFs determined using the 
ACOT scheme are within the total uncertainty of the standard fit. 

The sensitivity of the HERAPDF1.0 fit to the value of a s is estimated by varying a s by 
+0.002 [19]. Only the gluon PDF is significantly affected. The change of the gluon PDF is 
outside the total uncertainty bands of the standard fit, as illustrated in figure 21. 



5 Conclusions 

Inclusive cross sections of neutral and charged current e ± p scattering measured by the HI and 
ZEUS Collaborations are combined. The kinematic range of the NC data extends from 6 • 10~ 7 
to 0.65 in Bjorken x for 0.045 < Q 2 < 30000 GeV 2 and inelasticity values y between 0.005 
and 0.95. The CC data cover a range 0.013 < x < 0.4 and 300 < Q 2 < 30000 GeV 2 for y 
between 0.037 and 0.76. The combination comprises all inclusive data from the first period 
of the operation of HERA. The input data from HI and ZEUS are consistent with each other 
at^ 2 /Hdof = 636.5/656. The total uncertainty of the combined data set reaches 1% for NC 
scattering in the best measured region, 20 < Q 2 < 100 GeV 2 . 

A NLO QCD analysis is performed based exclusively on these combined e ± p scattering 
cross-section data. A new set of parton distribution functions, HERAPDF1.0, is obtained using 
a variable-flavour-number scheme. The analysis yields small experimental uncertainties and 
includes estimates for model and parametrisation uncertainties. Due to the precision of the 
combined data set, the parametrisation HERAPDF1.0 has total uncertainties at the level of a 
few percent at low x. 
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Source 


Data Samples 








HI E' e 


S, HI NC[4] — <5i 


Hl NC HY[5] — Si HI NC[3] — Si HI NC[5] 






HI Ei, 


6 2 HI CC[3] — S 2 


HI CC[5] — 62 HI CC[4] — 63 HI NC[4] — 63 HI NC HY[5] 


— S3 HI NC[3] — 


S3 HI NC[5] 


HI yp asymmetry 


<5 6 HI NC HY[5] - 


- <5 6 HI NC[5] 






HI yp background 


<5 4 H1CC[3] — <5 4 


HI CC[5] — 64 HI CC[4] — <?5 HI NC[4] — 6$ HI NC HY[5] 


— <5 5 H1NC[3] — 


S 5 HI NC[5] 


hi e e 


S 2 HI NC[4] — S 2 


HI NC HY[5] — S 2 HI NC[5] 






HI CC cuts 


6i HI CC[5] — S, 


HI CC[4] 






HI LAr Noise 


63 HI CC[3] — S 3 


HI CC[5] — 63 HI CC[4] — S4 HI NC[4] — 64 HI NC HY[5] 


— 5 4 H1NC[3] — 


64 HI NC[5] 


HI Lumi94-97 


S 5 HI CC[3] — S 6 


HI NC[3] 






HI Lumi 98 - 99 


S 5 HI CC[4] — S 6 


HI NC[4] — <5 7 HI NC HY[5] 






HI Lumi 99 - 00 


65 HI CC[5] — S 7 


HI NC[5] 






ZEUS E' e 


61 ZEUSNC[11]- 


-61 ZEUSNC[13] 






ZEUS E h a 


61 ZEUS CC[12] - 


-Si ZEUSCC[14] 






ZEUS E h b 


6 2 ZEUS CC[12] - 


-r5 2 ZEUS CC[14] 






ZEUS Ei, in BCAL 


62 ZEUS CC[10] - 


- <5 6 ZEUS NC[9] 






ZEUS E h in FCAL 


<5i ZEUS CC[10] - 


- S s ZEUS NC[9] 






ZEUS <5 cut 


6g ZEUS BPC[6] - 


- <5i ZEUS BPT[7] 






ZEUS yp background 


<5 2 ZEUSNC[11]- 


-62 ZEUSNC[13] 






ZEUS yp background 


<5 9 ZEUS BPC[6] - 


- 614 ZEUS BPT[7] — S t ZEUS SVX[8] 






ZEUS yi, cut 


<5 3 ZEUS BPC[6] - 


- 62 ZEUS BPT[7] 






ZEUS BPC linearity 


S 5 ZEUS BPC[6] - 


- S 9 ZEUS BPT[7] 






ZEUS BPC shower 


64 ZEUS BPC[6] - 


- S3 ZEUS BPT[7] 






ZEUS CAL energy 


6 2 ZEUS BPC[6] - 


- 612 ZEUS BPT[7] — S 9 ZEUS SVX[8] 






ZEUS Cuts! 


S 3 ZEUS NC[11]- 


-<5 3 ZEUSNC[13] 






ZEUS Cuts 2 


<5 4 ZEUS NC[11]- 


-64 ZEUSNC[13] 






ZEUS HFS model 


63 ZEUS CC[10] - 


- 63 ZEUS CC[12] — S 6 ZEUS NC[1 1] — S 6 ZEUS NC[13] — 


S3 ZEUS CC[14] 




ZEUS Lumi 94 - 97 


64 ZEUS CC[10] - 


-S n ZEUSNC[9] 






ZEUS Lumi 98 - 99 


64 ZEUS CC[12] - 


-5 1 ZEUS NC[11] 






ZEUS Lumi 99 - 00 


a 9 ZEUSNC[13]- 


— <5 4 ZEUS CC[14] 







Table 5: List of systematic sources that are correlated across the data samples. The type of 
the systematic uncertainty is given in the "source" column. The labels 6i denote the sources 
according to the sequential ordering in the list of the correlated systematic uncertainties of the 
corresponding publication. An overall 0.5% normalisation uncertainty, common to all data sets, 
is not included in this list. 
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Bin 


e- 


* 




•J 




pave 


<Wstal 


"Wuncor 


<Wxor 


Oave,exp toi 


■^ave.rel 


■Wgp 


• 5 ave.had 


<W.tot 


V5 


# 


GcV 2 












% 


% 


* 


% 


% 


% 


% 


% 


GcV 


1 


0.045 


0.621 x 


10-" 


0.803 


0.080 


— 


5.05 


1.50 


7.29 


8.99 


2.83 


2.28 


1.14 


9.77 


301 


2 


0.065 


0.897 x 


Mr" 


0.803 


0.111 


— 


2.97 


1.50 


6.27 


7.10 


2.78 


2.1 1 


1.21 


8.00 


301 


3 


0.065 


0.102 x 


o- 5 


0.706 


0.111 


— 


4.69 


1.5(1 


5.98 


7.75 


3.56 


1. 16 


1.47 


8.73 


301 


4 


0.085 


0.117 x 


o- 5 


0.805 


0.136 


— 


2.95 


1.5(1 


5.54 


6.45 


2.57 


2.12 


1.37 


7.39 


301 


5 


0.085 


0.134 x 


o- 5 


0.703 


0.130 


— 


2.27 


1.5(1 


4.01 


4.85 


1.80 


1.57 


1 .00 


5.49 


301 


6 


0.085 


0.156 x 


o- 5 


0.604 


0.126 


— 


4.78 


1.5(1 


4.52 


6.75 


1.03 


0.76 


0.24 


6.S7 


301 


7 


0.1 


0.151 x 


o- 5 


0.808 


0.165 


— 


3.4S 


1.50 


5.49 


6.67 


3.16 


1.97 


1.73 


7.83 


301 


8 


0.1 


0.173 x 


o- 5 


0.705 


0.166 


— 


1.81 


(1.99 


3.25 


3.85 


2.28 


1.33 


0.99 


4.77 


301 


9 


0.1 


0.202 x 


o- 5 


0.604 


0.157 


— 


1.79 


(1.S9 


2.43 


3.15 


1.62 


0.67 


0.49 


3.64 


301 


10 


0.1 


0.243 x 


o- 5 


0.502 


0.149 


0.154 


3.75 


1.50 


3.49 


5.34 


I.I 1 


0.46 


0.20 


5.48 


301 


11 


0.15 


0.207 x 


o- 5 


0.803 


0.228 


— 


4.35 


1.5(1 


4.5S 


6.49 


2.37 


1 .9-1 


1.75 


7.39 


301 


12 


0.15 


0.236 x 


o- 5 


0.705 


0.199 


— 


2.01 


1.02 


3.05 


3.79 


1.71 


1 .60 


0.7-1 


4.52 


301 


13 


0.15 


0.276 x 


o- 5 


0.603 


0.201 


— 


1.62 


(1.92 


2.24 


2.91 


140 


0.87 


0.3S 


3.37 


301 


14 


0.15 


0.331 x 


o- 5 


0.502 


0.201 


0.207 


1.53 


0.78 


2.1(1 


2.71 


1.31 


0.19 


0.34 


3.04 


301 


15 


0.15 


0.414 x 


o- 5 


0.402 


0.187 


0.190 


1.97 


0.83 


2.32 


3.15 


0.82 


0.1 1 


0.17 


3.27 


301 


16 


0.15 


0.502 x 


lO" 5 


0.295 


0.185 


0.187 


3.79 


1.50 


3.59 


5.43 


1.33 


-0.24 


0.32 


5.6(1 


319 


17 


0.2 


0.315 x 


lO" 5 


0.704 


0.250 


— 


2.4S 


0.94 


2.96 


3.98 


1.S9 


1.50 


(1.99 


4.76 


301 


18 


0.2 


0.368 x 


lO" 5 


0.603 


0.246 


— 


1.98 


(1.94 


2.10 


3.04 


1 .39 


0.72 


0.37 


3.44 


301 


19 


0.2 


0.441 X 


nr 5 


0.503 


0.240 


0.247 


1.62 


0.74 


1.97 


2.66 


1.15 


0.36 


0.17 


2.92 


301 


20 


0.2 


0.552 X 


10 -5 


0.402 


0.235 


0.240 


I.4S 


0.65 


1.84 


2.45 


LIS 


0.04 


0.30 


2.74 


301 


21 


0.2 


0.669 x 


nr 5 


0.295 


0.227 


0.229 


1 .65 


0.78 


1.63 


2.45 


0.86 


-0.24 


0.10 


2.61 


319 


22 


0.2 


0.849 x 


10 -5 


0.233 


0.224 


0.225 


1.61 


0.61 


2.13 


2.74 


1.06 


-0.19 


0.27 


2.96 


319 


23 


0.2 


O.llOx 


10 -4 


0.180 


0.208 


0.209 


2.78 


1.50 


2.79 


4.21 


0.95 


-0.21 


0.26 


4.33 


319 


24 


0.2 


0.398 x 


o-> 


0.050 


0.211 


0.211 


14.92 


11.94 


5.17 


19.S 


-0.54 


-3.10 


-4.60 


20.57 


319 


25 


0.2 


0.251 x 


0" 3 


0.008 


0.181 


0.181 


13.45 


6.17 


2.96 


1 5. 1 


-0.03 


-1.23 


2.59 


15.36 


319 


26 


0.25 


0.394 x 


0- 5 


0.703 


0.280 


— 


4.09 


1.5(1 


2.83 


5.19 


1.78 


I.2S 


0.89 


5.71 


301 


27 


0.25 


0.460 x 


0- 5 


0.603 


0.280 


— 


2.09 


(1.92 


2.58 


3.44 


1.67 


1.27 


0.36 


4.05 


301 


28 


0.25 


0.552 x 


0- 5 


0.502 


0.282 


0.291 


1.79 


(1.92 


I.S7 


2.74 


1.27 


0.27 


0.2S 


3.05 


301 


29 


0.25 


0.690 x 


0- 5 


0.402 


0.276 


0.281 


1 .56 


(1.79 


I.S4 


2.54 


LIS 


0.02 


0.21 


2.SI 


301 


30 


0.25 


0.836 x 


0- 5 


0.295 


0.266 


0.269 


1.45 


0.73 


I.S5 


2.46 


1. 17 


-0.23 


0.27 


2.75 


319 


31 


0.25 


0.106 x 


io-> 


0.233 


0.261 


0.262 


1.29 


0.66 


1.77 


2.29 


1.16 


-0.32 


0.21 


2.59 


319 


32 


0.25 


0.138 x 


lO" 4 


0.179 


0.250 


0.251 


1.26 


0.71 


1.78 


2.30 


1.22 


-0.28 


0.41 


2.65 


319 


33 


0.25 


0.230 x 


i(r 4 


0.107 


0.245 


0.245 


1.40 


1.50 


2.33 


3.1 1 


1.92 


-0.18 


1 .96 


4.15 


319 


34 


0.25 


0.398 x 


o-> 


0.062 


0.237 


0.237 


3.32 


1.54 


2.74 


4.57 


0.79 


-0.67 


-0.96 


4.79 


319 


35 


0.25 


O.llOx 




0.022 


0.200 


0.200 


3.95 


1.5(1 


2.45 


4.88 


0.81 


-0.17 


-0.04 


4.95 


319 


36 


0.25 


0.251 x 


lO" 3 


0.010 


0.196 


0.196 


3.74 


1.44 


3.23 


5.15 


-0.17 


-0.25 


-0.58 


5.19 


319 


37 


0.25 


0.394 x 


lO" 3 


0.006 


0.195 


0.195 


4.15 


1.50 


3.58 


5.68 


1.49 


-0.22 


0.79 


5.93 


319 


38 


0.25 


0.158 X 


10 -2 


0.002 


0.199 


0.199 


10.97 


5.29 


2.36 


12.4 


0.14 


-0.17 


2.67 


12.69 


301 


39 


0.35 


0.512 x 


lO" 5 


0.758 


0.350 


— 


3.42 


1.50 


3.33 


5.(10 


1 .95 


0.85 


0.37 


5.45 


301 


40 


0.35 


0.512 x 


lO" 5 


0.675 


0.437 





22.06 


12.78 


1.80 


25.6 


-0.15 


-1.02 


0.6S 


25.59 


319 


41 


0.35 


0.610 x 


lO" 5 


0.636 


0.358 


— 


5.74 


11.03 


4.7X 


13.3 


0.64 


3.76 


1 .03 


13.89 


301 


42 


0.35 


0.662 x 


0- 5 


0.586 


0.336 


0.351 


2.07 


(1.91 


1.88 


2.94 


1.20 


0.41 


0.33 


3.22 


301 


43 


0.35 


0.828 x 


0- 5 


0.469 


0.335 


0.344 


1.82 


11.93 


1.9(1 


2.S0 


1.25 


-0.07 


0.21 


3.07 


301 


44 


0.35 


0.100 x 


O" 4 


0.346 


0.348 


0.353 


1.62 


11.79 


1.73 


2.50 


1.20 


-0.28 


0.29 


2.80 


319 


45 


0.35 


0.127 x 


O" 4 


0.272 


0.326 


0.329 


1.43 


(1.79 


1.80 


2.43 


1. 16 


-0.29 


0.20 


2.72 


319 


46 


0.35 


0.165 x 


lO" 4 


0.210 


0.316 


0.317 


1.21 


(1.63 


I.S2 


2.27 


1.20 


-0.28 


0.26 


2.59 


319 


47 


0.35 


0.320 X 


lO" 4 


0.108 


0.299 


0.299 


1.14 


0.72 


2.51 


2.X5 


2.25 


-0.39 


2.05 


4.19 


319 


48 


0.35 


0.662 X 


lO" 4 


0.052 


0.283 


0.284 


2.62 


1.5(1 


1.65 


3.44 


0.45 


-0.24 


-0.18 


3.48 


319 


49 


0.35 


0.130 x 


o- 3 


0.027 


0.259 


0.259 


2.52 


1.43 


1.46 


3.24 


0.75 


-0.33 


0.06 


3.35 


319 


50 


0.35 


0.220 x 


o- 3 


0.016 


0.242 


0.242 


2.67 


1.50 


1.95 


3.63 


I.I 1 


-0.34 


0.16 


3. SI 


319 


51 


0.35 


0.500 x 


o- 3 


0.007 


0.242 


0.242 


2.51 


1.42 


1.75 


3.37 


1.31 


-0.25 


1.12 


3.79 


319 


52 


0.35 


0.251 x 


10 -2 


0.001 


0.202 


0.202 


9.97 


4.55 


1.47 


11.1 


0.35 


0.16 


0.77 


11.09 


319 


53 


0.4 


0.883 x 


lO" 3 


0.502 


0.354 


0.365 


3.86 


1.50 


2.56 


4.87 


1.29 


0.52 


0.16 


5.07 


301 


54 


0.4 


O.llOx 


lO" 4 


0.403 


0.372 


0.378 


2.18 


0.88 


2.211 


3.22 


1.4S 


0.04 


(1.22 


3.55 


301 


55 


0.4 


0.133 x 


O" 4 


0.297 


0.357 


0.360 


1.97 


0.88 


1.98 


2.93 


1.34 


-0.27 


0.29 


3.25 


319 


56 


0.4 


0.170 x 


O" 4 


0.233 


0.355 


0.357 


1 .66 


0.83 


LSI 


2.59 


LIS 


-0.31 


0.09 


2.S6 


319 


57 


0.4 


0.220 x 


O" 4 


0.180 


0.336 


0.337 


1.45 


0.78 


1.80 


2.44 


1.25 


-0.32 


0.42 


2.79 


319 


58 


0.4 


0.368 x 


lO" 4 


0.107 


0.332 


0.333 


1.26 


(1.77 


2.49 


2.89 


2.27 


-0.33 


2.14 


4.27 


319 


59 


0.4 


0.883 X 


lO" 4 


0.045 


0.321 


0.321 


2.71 


1.50 


1.49 


3.44 


0.9S 


-0.26 


0.41 


3.61 


319 


60 


0.4 


0.176 x 


lO" 3 


0.022 


0.288 


0.288 


2.78 


1.5(1 


1.7(1 


3.59 


0.72 


-0.32 


-0.22 


3.68 


319 


61 


0.4 


0.294 x 


o- 3 


0.013 


0.277 


0.277 


2.74 


1.5(1 


1.59 


3.51 


(1.99 


-0.28 


(1.33 


3.67 


319 


62 


0.4 


0.631 x 


o- 3 


0.006 


0.261 


0.261 


2.7-1 


1.5(1 


2.0(1 


3.71 


I.2S 


-0.28 


(I.3S 


3.95 


319 



Table 6: HERA combined reduced cross section cr+ ave for NC e*p scattering. F ave represents 
the structure function F 2 calculated from crf e by using the HERAPDF1.0 parametrisation of 
F L ,xF 3 ,F 7 2 z for Q 2 > 2 GeV 2 and assuming R = F L /(F 2 - F L ) = 0.25 for Q 2 < 2 GeV 2 . F 2 
is given for y < 0.6. £ ave ,stat> 8 av ^ uncor , #ave,cor and £ ave ,ex P tot represent the statistical, uncorrelated 
systematic, correlated systematic and total experimental uncertainty, respectively. <S a ve,reb ^ave,gp 
and 5 ave ,had are the three correlated sources of uncertainties arising from the combination pro- 
cedure, see section 3.2.3. £ ave ,tot is the total uncertainty calculated by adding <5 ave ,exp tot and the 
procedural errors in quadrature. The uncertainties are quoted in percent relative to cr+ ave . The 
overall normalisation uncertainty of 0.5% is not included. 
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<r 

OeV 2 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.S5 
0.S5 
0.S5 
0.85 
0.85 
0.85 
0.S5 
0.S5 
0.S5 
0.85 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 



0.732 x 





s 


0.675 


0.428 




0.860 x 





-5 


0.645 


0.443 




0.158 x 





-4 


0.313 


0.429 


0.433 


0.212 x 





-4 


0.233 


0.392 


0.394 


0.276 x 





4 


0.179 


0.379 


0.380 


0.398 x 





-4 


0.124 


0.367 


0.368 


0.100 x 





-3 


0.049 


0.349 


0.349 


0.251 x 





-3 


0.020 


0.308 


0.308 


0.368 x 





-3 


0.013 


0.301 


0.301 


0.800 x 





-3 


0.006 


0.288 


0.288 


0.320 x 







(1.002 


0.183 


0.183 


0.952 x 





-5 


0.675 


0.465 




0.1 12 x 


ir 4 


0.643 


0.514 




0.158 x 


o~ 4 


0.407 


0.464 


0.472 


0.164 x 







0.439 


0.509 


0.520 


0.398 x 







0.161 


0.475 


0.476 


0.598 x 







0.107 


0.420 


0.420 


0.100 x 







0.064 


0.410 


0.41 1 


0.251 x 







0.026 


0.362 


0.362 


0.478 x 







0.013 


0.333 


0.333 


0.800 x 







0.008 


0.319 


0.319 


0.320 x 







11.002 


0.225 


0.225 


0.124 x 







0.677 


0.553 




0.138 x 







0.683 


0.616 




0.200 x 







0.471 


0.602 


0.617 


0.200 x 







0.420 


0.613 


0.625 


0.398 x 
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2.95 


3.88 


2.05 


5.28 


0.32 


0.00 


021) 


5.30 


301 


307 


70. 


0.130 x I0~ 2 


0.597 


1.453 


1.541 


1.76 


0.60 


0.98 


2.10 


091 


0.33 


046 


2.36 


301 


308 


70. 


0.200 x 10~ 2 


0.388 


1.274 


1.300 


1.72 


0.33 


0.84 


1 .94 


0.31 


0.27 


-0.06 


1 .98 


301 


309 


70. 


0.320 x 10~ 2 


0.216 


1.103 


1.110 


1.66 


0.46 


0.70 


1.86 


0.33 


0.03 


-0.11 


1.89 


319 


310 


70. 


0.500 x 10~ 2 


0.138 


0.999 


1.001 


1.54 


0.43 


0.68 


1 .74 


0.29 


0.0(1 


0.15 


1.77 


819 


311 


70. 


0.800 x lO" 2 


0.086 


0.824 


0.825 


1.61 


0.48 


0.66 


1.81 


024 


0.00 


023 


1.84 


319 


312 


70. 


0.130 x 10" 1 


0.053 


0.720 


0.720 


1.88 


0.51 


0.77 


2.10 


0.38 


0.03 


067 


2.23 


319 


313 


70. 


0.200 x 10^' 


0.035 


0.640 


0.640 


1.77 


0.67 


0.70 


2.02 


0.32 


0.05 


0.54 


2.1 1 


319 


314 


70. 


0.320 x 10~' 


0.022 


0.564 


0.564 


2.10 


0.92 


0.76 


2.41 


0.00 


0.01 


-0.23 


2.42 


319 


315 


70. 


0.500 x 10-' 


0.014 


0.513 


0.513 


1.61 


0.90 


1.16 


2.18 


0.28 


0.1 1 


0.29 


2.22 


819 


316 


90. 


0.130 X 10 -2 


0.684 


1.446 


— 


1.61) 


3.5(1 


1.42 


4.10 


0.1 1 


0.02 


013 


4.1 1 


319 


317 


90. 


0.200 x 10" 2 


0.499 


1.261 


1.308 


1.97 


0.35 


0.93 


2.21 


0911 


027 


0.07 


2.40 


301 


318 


90. 


0.200 x 10~ 2 


0.445 


1.321 


1.371 


1.20 


1.05 


0.72 


1.74 


0.37 


0.02 


-0.05 


1.78 


319 


319 


90. 


0.320 x 10~ 2 


0.278 


1.176 


1.189 


084 


(1.61 


0.66 


1.23 


0.26 


0.06 


0.09 


1.26 


819 


320 


90. 


0.500 x 10~ 2 


0.178 


1.035 


1.039 


0.79 


0.59 


0.64 


1.17 


0.34 


0.05 


0.08 


1.22 


819 


321 


90. 


0.800 x lO" 2 


0.111 


0.891 


0.892 


0.86 


0.56 


0.69 


1.24 


0.28 


0.02 


0.01 


1.27 


819 


322 


90. 


0.130X 10" 1 


0.068 


0.759 


0.759 


(1.91) 


0.69 


0.70 


1.33 


024 


0.04 


023 


1.37 


319 


323 


90. 


0.200 x 10"' 


0.044 


0.654 


0.654 


(1.94 


0.62 


0.71 


1.33 


027 


0.04 


042 


1.42 


319 


324 


90. 


0.320 x 10"' 


0.028 


0.561 


0.561 


1.00 


0.73 


0.73 


1.44 


024 


0.03 


025 


1.48 


319 


325 


90. 


0.500 x 10-' 


0.018 


0.491 


0.490 


1.27 


0.71 


0.93 


1.73 


0.07 


0.06 


0.06 


1.73 


319 


326 


90. 


0.800 x 10-' 


0.011 


0.439 


0.438 


1.23 


0.92 


0.95 


1.81 


0.31 


0.06 


0.37 


1.88 


319 


327 


90. 


0.180 


0.005 


0.344 


0.344 


3.05 


3.04 


1.92 


4.72 


1.47 


-0.23 


1.28 


5.) 1 


319 


328 


120. 


0.160 X 10 -2 


0.741 


1.401 


— 


LSI) 


2.70 


1.22 


3.47 


-0.07 


0.03 


0.07 


3.47 


319 


329 


120. 


0.200 x 10" 2 


0.665 


1.336 


— 


2.22 


0.77 


1.19 


2.64 


1.19 


0.09 


0.49 


2.98 


301 


330 


120. 


0.200 x 10" 2 


0.593 


1.313 


1.412 


1.51 


2.00 


1.27 


2.81 


0.34 


-0.02 


-0.15 


2.84 


819 


331 


120. 


0.320 x 10~ 2 


0.416 


1.186 


1.213 


1.92 


0.73 


0.80 


2.20 


0.76 


0.03 


-0.03 


2.33 


801 


332 


120. 


0.320 X 10 -2 


0.371 


1.212 


1.239 


1.30 


1.80 


1 .03 


2.45 


0.24 


0.01 


-0.08 


2.46 


319 


333 


120. 


0.500 x 10" 2 


0.237 


1.046 


1.053 


1.17 


0.59 


0.77 


1.52 


022 


0.05 


0.00 


1.54 


319 


334 


120. 


0.800 x 10~ 2 


0.148 


0.910 


0.912 


1.07 


0.59 


0.67 


1.39 


0.25 


0.06 


0.1 1 


1.42 


319 


335 


120. 


0.130X 10~' 


0.091 


0.780 


0.780 


1.12 


(1.65 


0.71 


1.48 


0.36 


0.01 


0.15 


1.58 


819 


336 


120. 


0.200 x 10- 1 


0.059 


0.671 


0.671 


1.10 


(1.66 


0.75 


1.49 


0.24 


0.01 


0.51 


1 .59 


819 


337 


120. 


0.320 X 10 _1 


0.037 


0.577 


0.577 


1.25 


0.74 


0.75 


1 .63 


023 


0.04 


0.34 


1.68 


319 


338 


120. 


0.500 x 10" 1 


0.024 


0.489 


0.488 


1.25 


0.69 


0.87 


1.67 


0.12 


0.05 


0.04 


1.68 


319 


339 


120. 


0.800 x 10" 1 


0.015 


0.443 


0.442 


1.35 


0.63 


1.18 


1 .90 


0.34 


0.05 


025 


1.95 


319 


340 


120. 


0.180 


0.007 


0.333 


0.333 


2.37 


2.69 


1.51 


3.89 


0.91) 


-0.14 


-0.26 


4.01 


801 


341 


150. 


0.200 x 10" 2 


0.741 


1.389 


— 


2.00 


2.70 


1.28 


3.60 


-0.18 


0.03 


0.02 


8.60 


319 


342 


150. 


0.320 X 10 -2 


0.520 


1.204 


1.250 


1.82 


0.89 


0.99 


2.25 


087 


0.10 


0.32 


2.44 


301 


343 


150. 


0.320 X 10 -2 


0.463 


1.201 


1.247 


1.21 


2.10 


1.04 


2.64 


0.32 


0.01 


-0.20 


2.66 


319 


344 


150. 


0.500 x 10~ 2 


0.296 


1.058 


1.071 


1.08 


0.87 


0.69 


1.54 


0.26 


-0.01 


0.05 


1.57 


319 


345 


150. 


0.800 x 10~ 2 


0.185 


0.915 


0.919 


1.33 


0.89 


0.71 


1.76 


0.25 


0.03 


0.33 


1.81 


819 


346 


150. 


0.130X 10~' 


0.114 


0.807 


0.807 


1.98 


(1.51 


1.03 


2.29 


0.45 


-0.03 


0.30 


2.35 


819 


347 


150. 


0.200 x 10" 1 


0.074 


0.693 


0.693 


1.67 


0.68 


0.88 


2.01 


0.30 


0.03 


054 


2.1 1 


319 


348 


150. 


0.320 x 10" 1 


0.046 


0.588 


0.588 


1.87 


0.80 


0.96 


2.25 


0.10 


-0.05 


053 


2.31 


319 


349 


150. 


0.500 X 10" 1 


0.030 


0.512 


0.512 


1.78 


1.08 


0.88 


2.26 


0.14 


0.04 


0.10 


2.27 


319 


350 


150. 


0.800 x 10" 1 


0.019 


0.446 


0.446 


1.72 


0.88 


1.09 


2.22 


0.19 


0.06 


0.35 


2.26 


319 


351 


150. 


0.180 


0.008 


0.325 


0.325 


2.56 


2.19 


1.61 


3.73 


093 


-0.12 


-0.30 


3.86 


319 


352 


200. 


0.260 X 10 -2 


0.760 


1.286 


— 


2.21) 


2.6(1 


1.08 


3.57 


018 


0.03 


0.09 


3.58 


319 


353 


200. 


0.320 X 10" 2 


0.693 


1.171 


— 


3. SI) 


2.00 


1.30 


4.48 


1.41) 


017 


056 


4.73 


301 


354 


200. 


0.320 x 10~ 2 


0.618 


1.221 


— 


1.92 


2.20 


1.21 


3.16 


0.30 


-0.02 


0.08 


3.18 


819 


355 


200. 


0.500 x 10~ 2 


0.443 


1.074 


1.100 


1.89 


0.88 


0.85 


2.25 


0.68 


0.03 


-0.04 


2.85 


301 


356 


200. 


0.500 x 10" 2 


0.395 


1.103 


1.129 


1.14 


0.69 


0.93 


1.62 


0.34 


0.02 


0.00 


1.66 


319 


357 


200. 


0.800 x 10" 2 


0.247 


0.934 


0.940 


0.92 


0.58 


0.73 


1.31 


0.17 


0.04 


0.06 


1.33 


319 


358 


200. 


0.130X 10" 1 


0.152 


0.806 


0.807 


(1.94 


0.46 


0.69 


1.25 


027 


0.03 


022 


1.30 


319 


359 


200. 


0.200 x 10- 1 


0.099 


0.698 


0.698 


1.13 


0.64 


0.71 


1.48 


0.1 1 


0.02 


0.25 


1.51 


319 


360 


200. 


0.320 x 10~' 


0.062 


0.586 


0.586 


1.20 


0.82 


0.71 


1.62 


0.15 


0.04 


0.4(1 


1.67 


819 


361 


200. 


0.500 x 10- 1 


0.040 


0.521 


0.521 


1.25 


0.73 


0.73 


1.62 


0.04 


0.02 


0.12 


1 .68 


319 


362 


200. 


0.800 x 10" 1 


0.025 


0.431 


0.431 


1.16 


0.47 


0.99 


1 .59 


-0.07 


0.08 


0.34 


1.63 


319 


363 


200. 


0.130 


0.015 


0.355 


0.355 


2.56 


3.20 


1.78 


4.47 


0.38 


0.0(1 


0.23 


4.49 


319 


364 


200. 


0.180 


0.011 


0.331 


0.331 


1.75 


1.20 


1.82 


2.80 


1.06 


-0.06 


-0.24 


3.00 


319 


365 


200. 


0.250 


0.008 


0.273 


0.273 


3.6(1 


4.20 


2.67 


6.14 


1.36 


-0.03 


0.30 


6.80 


319 


366 


200. 


0.400 


0.005 


0.139 


0.139 


4.61 


4.30 


5.09 


8.10 


2.35 


-0.08 


-0.93 


8.49 


319 
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Q- 

GeV 2 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
250. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
300. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
400. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
650. 
800. 
800. 
800. 
800. 
800. 

soo. 
800. 

soo. 
soo. 
soo. 
soo. 
soo. 
soo. 



0.330 x 10 - 
0.500 x 10~ 2 
0.500 x 10~ 2 
0.800 x 10~ 2 
0.130X 10" 1 
0.200 X 10 _1 
0.320 X 10 _1 
0.500 x 10- 1 
0.800 x 10- 1 

0.130 

0.180 

0.250 

0.400 
0.390 x 10" 2 
0.500 x 10" 2 
0.500 x 10" 2 
0.800 x 10" 2 
0.800 x 10~ 2 
0.130X 10~' 
0.200 x 10- 1 
0.320 x 10" 1 
0.500 X 10 _1 
0.800 x 10" 1 

0.130 

0.180 

0.250 

0.400 
0.530 x 10~ 2 
0.800 x 10~ 2 
0.800 x 10~ 2 
0.130X 10" 1 
0.130X 10" 1 
0.200 x 10" 1 
0.320 x 10- 1 
0.500 x 10" 1 
0.800 x 10- 1 

0.130 

0.250 

0.400 
0.660 x 10~ 2 
0.800 x 10~ 2 
0.800 x 10~ 2 
0.130X 10" 1 
0.130X 10~' 
0.200 X 10 _1 
0.320 x 10" 1 
0.500 x 10" 1 
0.800 x 10 _1 

0.130 

0.180 

0.250 

0.400 
0.850 X 10 -2 
0.850 X 10~ 2 
0.130X 10" 1 
0.130X 10 _1 
0.200 x 10" 1 
0.200 x 10" 1 
0.320 X 10 _1 
0.500 x 10" 1 
0.800 x 10- 1 

0.130 

0.180 

0.250 

0.400 

0.650 
0.105 x 10" 1 
0.130X 10" 1 
0.130X 10" 1 
0.200 x 10" 1 
0.200 x 10- 1 
0.320 x 10~' 
0.500 x 10" 1 
0.800 x 10" 1 

0.130 

0.180 

0.250 

0.400 

0.650 



0.749 
0.554 
0.494 
0.309 
0.190 
0.124 
0.077 
0.049 
0.031 
0.019 
0.014 
0.010 
0.006 
0.760 
0.665 
0.593 
0.416 
0.371 
0.228 
0.148 
0.093 
0.059 
0.037 
0.023 
0.016 
0.012 
0.007 
0.746 
0.554 
0.494 
0.341 
0.304 
0.198 
0.124 
0.079 
0.049 
0.030 
0.016 
0.010 
0.749 
0.693 
0.618 
0.426 
0.380 
0.247 
0.154 
0.099 
0.062 
0.038 
0.027 
0.020 
0.012 
0.848 
0.756 
0.554 
0.494 
0.360 
0.321 
0.201 
0.128 
0.080 
0.049 
0.036 
0.026 
0.016 
0.010 
0.753 
0.682 
0.608 
0.443 
0.395 
0.247 
0.158 
0.099 
0.061 
0.044 
0.032 
0.020 
0.012 



1.247 
1.079 
1.102 
0.953 
0.825 
0.701 
0.592 
0.521 
0.432 
0.342 
0.325 
0.263 
0.140 
1.185 
1.127 
1.124 
0.982 
0.971 
0.818 
0.699 
0.613 
0.503 
0.434 
0.353 
0.318 
0.263 
0.155 
1.158 
0.961 
1.023 
0.859 
0.846 
0.711 
0.607 
0.509 
0.444 
0.363 
0.257 
0.160 
1.016 
1.011 
1.029 
0.883 
0.884 
0.737 
0.623 
0.517 
0.438 
0.347 
0.291 
0.254 
0.166 
0.922 
0.986 
0.846 
0.851 
0.702 
0.745 
0.615 
0.512 
0.446 
0.364 
0.303 
0.252 
0.144 
0.022 
0.947 
0.890 
0.850 
0.737 
0.752 
0.642 
0.516 
0.448 
0.362 
0.325 
0.256 
0.130 
0.020 



1.123 
1.148 
0.964 
0.828 
0.701 
0.591 
0.521 
0.432 
0.341 
0.325 
0.263 
0.139 



1.197 
1.000 
0.989 
0.822 
0.700 
0.613 
0.503 
0.433 
0.352 
0.318 
0.262 
0.155 

0.996 
1.060 
0.867 
0.854 
0.713 
0.607 
0.509 
0.444 
0.362 
0.256 
0.160 



0.898 
0.900 
0.741 
0.623 
0.516 
0.437 
0.346 
0.290 
0.253 
0.165 



0.874 
0.880 
0.709 
0.753 
0.617 
0.512 
0.446 
0.363 
0.302 
0.251 
0.144 
0.022 



0.751 
0.766 
0.645 
0.516 
0.447 
0.361 
0.324 
0.255 
0.129 
0.020 



% 
2.50 
2.29 
1.61 
1.04 
1.07 
1.18 
1.25 
1.22 
1.18 
1.77 
1.70 
2.13 
3.13 
2.71 
2.94 
2.51 
2.29 
1.46 
1.15 
I.2S 
1.32 
1.35 
1.29 
1.85 
I.S2 
2.13 
3.25 
2.90 
2.63 
1.70 
2.95 
1.50 
1.46 
1.47 
1.47 
1.48 
1.60 
I.S6 
3.65 
3.31 
4.23 
3.51 
3.34 
2.42 
2.00 
2.01 
2.1 1 
2.22 
2.64 
2.96 
3.59 
5.10 
4.63 
3. SI 
2.65 
1.94 
4.15 
1.92 
I.S2 
1.85 
I.S6 
2.05 
3.34 
2.45 
5.40 
13.82 
4.50 
3.45 
2.43 
4.12 
2.55 
2.06 
2.05 
2.17 
2.40 
3.76 
2.S9 
5.98 
12.11 



% 

2.70 
1.61 
2.10 
0.69 
0.64 
0.79 
0.S5 
O.SO 
0.64 
2.68 
0.78 
3.68 
3.97 
2.70 
2.64 
2.60 
1. 12 
0.94 
0.71 
0.90 
0.90 
O.SI 
0.64 
3.03 
0.93 
4.45 
5.38 
2.90 
1.77 
0.91 
0.57 
1.09 
0.93 
0.94 
0.83 
0.7.S 
O.SO 
I.3S 
3.70 
2.90 
5.00 
3.00 
5.00 
2.70 
2.07 
2.05 
2.25 
2. IS 
2.24 
2.95 
3.47 
5.S6 
I.S2 
3.70 
1.13 
0.88 
3.70 
0.83 
0.95 
0.92 
0.92 
0.96 
3.45 
1.42 
3.20 
7.79 
4.20 
1.49 
1.05 
2.30 
1.32 
1. 01 
0.99 
1.04 
0.99 
3.09 
1.12 
3.41 
7.21 



1.23 
0.97 
0.90 
0.72 
0.71 
0.70 
0.74 
0.74 
0.97 
0.93 
1.29 
2.21 
4.32 
1.05 
0.93 
l.OS 
O.SS 
0.93 
0.71 
0.72 
0.75 
0.74 
0.77 
1.01 
O.SS 
2.35 
3.69 
1.04 
0.7S 
1.09 
0.74 
0.76 
0.72 
0.72 
0.73 
0.77 
0.77 
1.19 
3.66 
0.92 
1 .05 
1.06 
0.9S 
1.01 
O.SO 
0.76 
1.01 
0.X5 
1.16 
1.16 
2.32 
-1.50 
1.33 
0.91 
0.76 
0.92 
0.96 
0.70 
0.72 
0.72 
0.70 
0.77 
1.30 
0.95 
3.0S 
5.57 
0.94 
0.S6 
1.05 
0.S4 
0.92 
0.69 
0.73 
0.7S 
0.77 
0.97 
1.01 
2.4S 
5.31 
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% 

3.88 
2.97 
2..S0 
1.44 
1.44 
1 .59 
I.6S 
1 .64 
1 .66 
3.34 
2.27 
4.79 
6.65 
3.96 
4.06 
3.77 
2.70 
1 .96 
1.5.3 
1.72 
1.76 
1.74 
1 .63 
3.69 
2.2.3 
5.47 
7.2S 
4.23 
3.27 
2.22 
3.10 
2.00 
1.88 
1 .89 
1.84 
1.S5 
1.97 
2.60 
6.36 
4.49 
6.63 
4.7.3 
6.09 
3.76 
2.99 
2.97 
3.25 
3.23 
3.65 
4.34 
5.51 
S.9S 
5.15 
5.38 
2.9S 
2.32 
5.6-1 
2.20 
2. IS 
2.18 
2.19 
2.39 
4.98 
2.99 
6.99 
16.S 
6.23 
3.85 
2.85 
4.79 
3.02 
2.39 
2.39 
2.5.3 
2.71 
4.97 
3.26 
7.31 
15.1 



■W.rel 


<W gP 




(5ave,tot 


Vj 


% 


% 


% 


% 


GcV 


0.08 


0.03 


-0.12 


3.89 


319 


1.02 


0.06 


0.1S 


3.14 


301 


0.07 


0.02 


-0.12 


2.S0 


319 


0.32 


0.03 


0.03 


I.4.S 


519 


0.1 1 


0.04 


0.21 


1.46 


319 


0.20 


0.03 


0.10 


1.60 


319 


0.35 


0.03 


0.31 


1.74 


319 


0.10 


0.03 


0.26 


1 .66 


319 


0.14 


0.05 


0.17 


1.67 


319 


0.54 


0.01 


0.35 


3.40 


319 


0.79 


0.01 


0.46 


2.45 


319 


2.16 


-0.03 


0.00 


5.26 


319 


3.26 


-0.08 


-0.70 


7.44 


319 


0.06 


0.03 


-0.12 


3.97 


319 


0.46 


0.14 


0.32 


4.10 


301 


-0.04 


0.00 


0.16 


3.77 


319 


0.5S 


0.07 


0.07 


2.76 


301 


0.24 


0.03 


-0.02 


1 ,98 


319 


0.26 


0.02 


0.04 


1.55 


519 


0.36 


0.03 


0.10 


1.76 


319 


0.15 


0.03 


0.32 


I.SO 


319 


0.30 


0.02 


0.12 


1.77 


319 


0.15 


0.04 


0.14 


1.65 


319 


O.SI 


0.01 


0.22 


3.79 


519 


0.32 


0.06 


0.36 


2.28 


319 


2.12 


-0.03 


0.04 


5.S6 


319 


3.46 


-0.07 


-0.60 


S.09 


319 


0.16 


0.03 


-0.05 


4.24 


319 


0.40 


0.13 


0.02 


5.29 


501 


0.41 


0.02 


-0.03 


2.25 


319 


0.45 


0.04 


0.15 


5.14 


301 


0.25 


0.03 


0.02 


2.02 


319 


0.12 


0.05 


0.12 


1.88 


519 


0.34 


0.02 


0.15 


1 .95 


519 


0.24 


0.03 


0.32 


I.SS 


519 


-0.01 


0.04 


0.17 


I.S5 


519 


0.31 


0.05 


0.24 


2.01 


319 


1.22 


-0.03 


0.07 


2.S7 


319 


2.67 


-0.07 


-0.48 


6.9 1 


319 


0.19 


0.03 


-0.09 


4.50 


319 


0.02 


0.00 


0.2S 


6.64 


501 


0.00 


0.01 


0.10 


4.74 


319 


0.15 


0.05 


-0.04 


6.10 


301 


0.53 


0.02 


-0.22 


3. SI 


319 


0.12 


0.03 


0.06 


2.99 


519 


0.17 


0.03 


0.05 


2.9S 


319 


0.54 


0.03 


-0.05 


3.29 


519 


0.13 


0.03 


0.28 


3.24 


319 


0.00 


0.04 


0.-17 


3.68 


319 


0.74 


0.01 


0.33 


4.41 


319 


2. S3 


-0.03 


-0.25 


6.20 


319 


4.31 


-0.10 


-0.21 


9.96 


519 


1.41 


0.09 


0.45 


5.36 


301 


-0.09 


0.05 


-0.05 


5.39 


319 


0.34 


0.04 


-0.09 


5.00 


301 


0.22 


0.03 


0.04 


2.33 


319 


0.20 


0.03 


0.05 


5.64 


301 


0.25 


0.04 


0.05 


2.22 


519 


0.30 


0.04 


0.09 


2.20 


319 


0.26 


0.02 


0.2S 


2.22 


519 


0.26 


0.04 


0.15 


2.21 


519 


0.41 


0.05 


0.2S 


2.44 


319 


1.10 


0.01 


0.30 


5.10 


319 


O.SO 


0.02 


0.08 


3.11 


319 


3.36 


-0.20 


-0.95 


7.82 


319 


3. SI 


-0.11 


-1.37 


17.30 


319 


0.45 


0.02 


-0.01 


6.25 


319 


1.10 


-0.01 


0.12 


4.01 


301 


0.45 


0.02 


0.06 


2.S9 


319 


0.35 


0.04 


-0.15 


4.SI 


501 


0.02 


0.04 


0.09 


3.02 


519 


0.45 


0.03 


0.09 


2.44 


519 


0.31 


0.05 


0.26 


2.43 


319 


0.25 


0.05 


0.32 


2.56 


519 


0.27 


0.03 


0.17 


2.73 


519 


0.51 


0.02 


0.27 


5.00 


319 


0.99 


0.05 


0.27 


3.42 


319 


2.54 


-0.13 


-0.50 


7.76 


319 


4.05 


-0.12 


-0.72 


15.61 


319 



Table 11: Continuation of table 6. 



33 



Bin 
# 


Q L 
GcV 2 


X 


y 


o-+ 


F ave 


^ivc.slal 

% 


(Wuncoi 
% 


<Wcoi 

% 


^iive.exp loi 

% 


^uvti.rcl 


''uvc.yp 


^liw.lmd 


% 


Vf 

GeV 


446 


1000. 


0.130 x 10"' 


0.760 


0.871 




5.04 


3.70 


1.31 


6.39 


0.41 


-0.02 


-0.06 


6.40 


319 


447 


1000. 


0.200 x 10" 1 


0.554 


0.738 


0.762 


5.46 


3.70 


1.00 


6.67 


0.1 1 


0.01 


-0.07 


6.67 


301 


448 


1000. 


0.200 x 10" 1 


0.494 


0.732 


0.756 


3.93 


3.00 


0.97 


5.04 


0.28 


0.02 


-0.29 


5.06 


319 


449 


1000. 


0.320 x 10"' 


0.309 


0.637 


0.644 


3.29 


2.46 


1.00 


4.23 


0.43 


0.03 


-0.09 


4.25 


319 


450 


1000. 


0.500 x 10" 1 


0.198 


0.556 


0.557 


3.21 


2.35 


(1.78 


4.05 


0.27 


0.03 


-0.03 


4.06 


319 


451 


1000 


n son v i n— 1 

U.OUU X 1U 


174 


444 


444 


3 35 


2 28 


81 


4 I 3 


1 6 


03 


26 


4 1 S 


3 1 9 


452 


1000 


1 30 


076 


394 


393 


■> 99 


i 


1195 


4 88 


45 


Oi 


04 


4 90 


3 1 9 


453 


1000 


180 


OSS 


377 


376 


..( IS 


i 6S 


79 


5 1 7 


4S 


(P 


^4 


s 19 


3 1 9 


454 


1000 


(l 7 5() 


(14(1 


^56 


255 


4 90 


3.36 


1 33 


6 09 


1 03 


00 


i i 


6 1 8 


3 1 9 


455 


1000. 


0.400 


0.025 


0.125 


0.124 


7.64 


5.71 


2.88 


9.96 


3.01 


-0.05 


-0.17 


10.41 


319 


456 


1000. 


0.650 


0.015 


0.019 


0.019 


13.98 


7.73 


5.35 


16.8 


6.73 


-0.12 


-0.07 


18.14 


319 


457 


1200. 


0.140 x 10 _1 


0.950 


0.875 




5.50 


1.05 


1.30 


5.75 


1.40 


0.1 I 


0.43 


5.93 


301 


458 


1200. 


0.140 x 10~' 


0.847 


0.838 




3.53 


0.90 


2.47 


4.40 


0.19 


0.06 


0.06 


4.40 


319 


459 


1200. 


0.200 x 10" 1 


0.665 


0.705 




4.18 


1.13 


(1.71 


4.39 


0.37 


0.09 


-0.03 


4.41 


301 


460 


1200. 


0.200 x 10" 1 


0.593 


0.786 


0.826 


2.87 


1.0-1 


0.98 


3.20 


0.29 


0.03 


0.00 


3.22 


319 


461 


1200. 


0.320 x I0" 1 


0.416 


0.591 


0.601 


3.95 


1 .5 1 


0.70 


4.29 


-0.03 


0.08 


0.09 


4.29 


301 


462 


1200 


n 39n v in - ' 


37 1 


649 


66(1 


i ^() 


1 1 1 


KS 


3 14 


3" 1 


Oi 


—0 01 


3 1 s 


3 1 9 


463 


1200. 


U.JUU X 1U 


0.237 


0.5 16 


0.5 19 


2.17 


0.69 


0.70 


2.38 


0.3 1 


0.02 


0.22 


2.4 1 


3 1 9 


464 


1200. 


0.800 x 10" 1 


0.148 


0.453 


0.453 


2.22 


0.08 


0.70 


2.43 


0.29 


0.03 


0.21 


2.46 


319 


465 


1200. 


0.130 


0.091 


0.368 


0.366 


2.45 


0.62 


0.82 


2.66 


0.43 


0.04 


0.21 


2.70 


319 


466 












4.93 


2.53 
















467 


1200 


n 5() 


(147 


-4,s 


247 


2 75 


78 


81 


2 97 


5N 


04 


1 4 


3 03 


3 1 9 


468 


1200. 


0.400 


0.030 


0.137 


0.136 


4.30 


2.24 


1.71 


5.14 


1.87 


-0.04 


-0.19 


5.48 


319 


469 


1200. 


0.650 


0.018 


0.021 


0.021 


13.76 


7.84 


4.47 


16.5 


5.89 


-0.20 


-0.51 


17.49 


319 


470 


1500. 


0.200 x 10" 1 


0.831 


0.731 




6.00 


3.87 


0.89 


7.20 


0.28 


0.02 


0.19 


7.21 


301 


471 


1500. 


0.200 x 10" 1 


0.741 


0.689 




3.89 


1 .3 1 


1.51 


4.i7 


0.52 


0.0 1 


0.04 


4.40 


319 


472 


1500 


n 39n v in - ' 


S^O 


557 


575 


6 44 


1 X) 


78 


6 SS 


1 1 


06 


—0 05 


SS 


301 


473 


1500. 


nMiio i n— 1 
0.320 X lu 


0.463 


0.6211 


0.639 


3.54 


1 .27 


0.8 1 


3.85 


0. 1 7 


0.03 


0.1 10 


3.85 


3 1 9 


474 


1500. 


0.500 x 10" 1 


0.296 


0.553 


0.560 


2.58 


0.87 


0.73 


2.82 


0.22 


0.02 


0.07 


2.83 


319 


475 


1500. 


0.800 x 10" 1 


0.185 


0.446 


0.448 


2.63 


0.96 


0.73 


2.89 


0.37 


0.02 


0.21 


2.93 


319 


476 


1500. 


0.130 


0.1 14 


0.341 


0.340 


3.41 


1.11 


0.79 


3.68 


0.17 


0.04 


0.17 


3.68 


319 
































478 


1500 


(1 


059 


^55 


^5i 


3.82 


1 53 





4 "Ml 


8 1 


Oi 


16 


4 ^8 


319 


479 


1500. 


0.400 


0.037 


0.124 


0.123 


5.66 


2.3 1 


1 .47 


6.29 


1.91 


-0.04 


0.23 


6.58 


319 


480 


1500. 


0.650 


0.023 


0.013 


0.013 


18.46 


6.82 


3.77 


20.0 


5.50 


-0.01 


-1.43 


20.82 


319 


481 


2000. 


n 9Tn v i o — 1 

U.-1ZU X (U 


0.69.^ 


().. 19.-1 




6.11 


_.4.s 


0.7.1 


6.63 


(Li- 


-0.02 


-0.04 


6. 6 ^ 


301 


482 


2000. 


0.32U X 1U 


0.618 


0.624 




4. 1 3 


1 .47 


1 .49 


4.63 


lt. 1 8 


0.03 


0.02 


4.6-1 


3 1 9 


483 


2000. 


0.500 x I0" 1 


0.443 


0.496 


0.510 


5.68 


1 .70 


0.7 1 


5.97 


0.32 


0.02 


0.04 


5.98 


301 


484 


2000. 


0.500 x 10" 1 


0.395 


0.503 


0.516 


4. 1 6 


1 .34 


0.80 


4.45 


0.29 


0.03 


0.06 


4.46 


319 


485 


2000. 


0.800 x 10" 1 


0.247 


0.433 


0.437 


3.16 


0.90 


0.72 


3.37 


0.15 


0.03 


0.22 


3.38 


319 


486 


2000. 


0.130 


0.152 


0.370 


0.370 


3.61 


1.18 


0.73 


3.87 


0.42 


0.02 


0.17 


3.90 


319 


487 


2000. 


0.180 


0.1 10 


0.316 


0.314 


3.90 


1 . 10 


0.75 


4.13 


0.3 1 


0.03 


0.08 


4. 14 


319 


488 


2000. 


0.250 


0.079 


0.239 


0.236 


4.47 


1 .47 


0.8 1 


4.78 


0.56 


0.04 


0.08 


4. SI 


319 


489 


2000. 


0.400 


0.049 


0.128 


0.126 


6. 1 9 


2.60 


1.61 


6.91 


2.3 I 


-0.03 


-0.01 


7.28 


319 


490 


2000. 


0.650 


0.030 


0.021 


0.021 


19.26 


9.70 


4.66 


22.1 


12.3 


-0.10 


0.19 


25.29 


319 


491 


3000. 


0.500 x 10" 1 


0.665 


0.522 


— 


5.63 


2.20 


0.79 


6.10 


0.05 


0.03 


-0.19 


6.10 


301 


492 


3000. 


0.500 x 10" 1 


0.593 


0.540 


0.582 


4.20 


1.84 


0.85 


4.66 


0.28 


0.03 


-0.07 


4.67 


319 


493 


3000. 


0.800 x 10" 1 


0.416 


0.445 


0.461 


5.78 


1. 98 


(1.71 


6.15 


0.03 


0.01 


0.(10 


6.15 


301 


494 


3000. 


0.800 x 10" 1 


0.371 


0.417 


0.432 


4.38 


1.53 


0.84 


4.72 


0.48 


0.02 


-0.04 


4.74 


319 


495 


3000. 


0.130 


0.228 


0.343 


0.347 


4.16 


1.57 


(1.80 


4.52 


0.26 


0.03 


0.22 


4.53 


319 


496 


3000. 


0.180 


0.165 


0.303 


0.303 


4.23 


1 .66 


0.82 


4.62 


0.53 


0.02 


0.09 


4.65 


319 


497 


3000. 


0.250 


0.119 


0.218 


0.215 


5.14 


1 .64 


0.92 


5.47 


0.84 


0.02 


0.1 1 


5.54 


319 


498 


3000. 


0.400 


0.074 


0.121 


0.118 


6.41 


2.58 


1.33 


7.04 


1 .39 


0.02 


0.22 


7.18 


319 


499 


3000. 


0.650 


0.046 


0.016 


0.016 


12.48 


4.23 


2.37 


13.4 


3.24 


0.01 


-0.36 


13.78 


319 


500 


5000. 


0.800 x 10" 1 


0.693 


0.362 


— 


6.86 


2.22 


(1.77 


7.25 


0.30 


0.17 


-0.10 


7.26 


301 


501 


5000. 


0.800 x 10" 1 


0.618 


0.419 




4.46 


1.62 


(1.97 


4.84 


0.41 


0.03 


-0.01 


4.86 


319 


502 


5000. 


0.130 


0.426 


0.332 


0.353 


7.83 


2.14 


0.87 


8.16 


0.63 


0.03 


0.22 


8.19 


301 


503 


5000. 


0.130 


0.380 


0.350 


0.372 


5.48 


1.72 


0.81 


5.80 


0.24 


0.03 


0.03 


5.81 


319 


504 


5000. 


0.180 


0.274 


0.264 


0.271 


4.91 


1.47 


0.71 


5.18 


0.31 


0.03 


0.14 


5.19 


319 


505 


5000. 


0.250 


0.198 


0.235 


0.235 


5.51 


2.09 


0.82 


5.95 


1.62 


0.02 


0.23 


6.17 


319 


506 


5000. 


0.400 


0.124 


0.120 


0.117 


7.14 


2.08 


0.86 


7.48 


0.67 


0.04 


0.05 


7.51 


319 


507 


5000. 


0.650 


0.076 


0.010 


0.010 


27.08 


12.77 


3.65 


30.2 


4.19 


-0.05 


1.06 


30.47 


319 


508 


8000. 


0.130 


0.682 


0.256 




10.94 


3.07 


0.70 


1 1.4 


0.35 


0.04 


-0.01 


11.39 


301 


509 


8000. 


0.130 


0.608 


0.321 




7.20 


2.09 


1.07 


7.57 


0.32 


0.03 


0.04 


7.58 


319 


510 


8000. 


0.180 


0.493 


0.277 


0.311 


10.95 


3.44 


0.92 


1 1.5 


0.41 


0.03 


0.24 


11.52 


301 


511 


8000. 


0.180 


0.439 


0.299 


0.336 


7.44 


2.33 


0.86 


7.84 


1.17 


0.03 


-0.03 


7.93 


319 


512 


8000. 


0.250 


0.355 


0.231 


0.243 


11.80 


3.15 


1.39 


12.3 


1.08 


-0.01 


0.1 1 


12.34 


301 


513 


8000. 


0.250 


0.316 


0.208 


0.219 


8.93 


2.82 


1.22 


9.44 


0.64 


0.03 


0.04 


9.46 


319 


514 


8000. 


0.400 


0.198 


0.101 


0.100 


9.99 


3.55 


0.94 


10.6 


0.84 


0.03 


-0.10 


10.67 


319 


515 


8000. 


0.650 


0.122 


0.017 


0.016 


17.17 


6.60 


2.00 


18.5 


7.35 


-0.01 


0.1 1 


19.91 


319 


516 


12000. 


0.180 


0.739 


0.208 




17.37 


2.43 


0.88 


17.6 


0.87 


0.03 


0.25 


17.59 


301 


517 


12000. 


0.180 


0.659 


0.291 




10.20 


2.87 


1.72 


10.7 


0.77 


0.02 


0.15 


10.76 


319 


518 


12000. 


0.250 


0.532 


0.150 


0.179 


20.21 


3.46 


0.73 


20.5 


0.31 


0.02 


0.03 


20.51 


301 


519 


12000. 


0.250 


0.474 


0.154 


0.183 


15.27 


4.1 1 


1.01 


15.8 


1.10 


0.01 


-0.13 


15.88 


319 


520 


12000. 


0.400 


0.296 


0.073 


0.076 


15.58 


4.59 


1 .05 


16.3 


2.73 


0.02 


-0.05 


16.50 


319 


521 


12000. 


0.650 


0.182 


0.017 


0.016 


33.62 


18.57 


3.59 


38.6 


2.17 


-0.01 


0.69 


38.65 


319 
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Bin 


Q 1 


X 


V 


^-have 






0aye,uncor 




<5ave,exp lot 


<W,rel 


ftive.gp 


^avu.had 


<5ave.tol 


VJ 


# 


GeV 2 










% 




% 


% 




% 


% 




GcV 


522 


20000. 


0.250 


0.887 


0.135 




30.72 


3.58 


0.96 


30.9 


0.85 


0.02 


0.36 


30.96 


301 


523 


20000. 


0.250 


0.791 


0.096 




22.47 


2.01 


2.50 


22.7 


0.63 


0.05 


0.14 


22.71 


319 


524 


20000. 


0.400 


0.554 


0.116 


0.146 


31.65 


7.1.6 


1.29 


32.6 


1 .60 
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Table 13: Continuation of table 6. 
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Table 14: HERA combined reduced cross section cr~ ave for NC e p scattering. F™ e represents 
the structure function F 2 calculated from <x ave by using the HERAPDF1.0 parametrisation of 
F L , xF 3 ,Ff for y < 0.6. £ ave , sta t, ^ave.uncor, <Wor and £ avejeX p tot represent the statistical, uncorre- 
cted systematic, correlated systematic and total experimental uncertainty, respectively. (5 ave , r eb 
^ave >g p and <5 ave ,had are the three correlated sources of uncertainties arising from the combination 
procedure, see section 3.2.3. £ ave ,tot is the total uncertainty calculated by adding £ ave ,exp tot and 
the procedural errors in quadrature. The uncertainties are quoted in percent relative to cr~ ave . 
The overall normalisation uncertainty of 0.5% is not included. 
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125 


3000. 


0.250 


0.119 


0.267 


0.249 


12.06 


3.13 


1.61 


126 


3000. 


0.400 


0.074 


0.145 


0.137 


16.10 


5.47 


1.82 


127 


3000. 


0.650 


0.046 


0.020 


0.019 


43.21 


5.95 


2.27 


128 


5000. 


0.800 x 10"' 


0.618 


0.637 




7.12 


1.92 


1.45 


129 


5000. 


0.130 


0.380 


0.479 


0.394 


9.55 


2.46 


1.34 


130 


5000. 


0.180 


0.274 


0.425 


0.359 


9.68 


2.48 


1.38 


131 


5000. 


0.250 


0.198 


0.302 


0.262 


12.35 


3.53 


1 .56 


132 


5000. 


0.400 


0.124 


0.126 


0.112 


18.56 


5.69 


2.01 


133 


5000. 


0.650 


0.076 


0.010 


0.009 


40.99 


17.70 


3.14 


134 


8000. 


0.130 


0.608 


0.586 




10.57 


2.54 


2.58 


135 


8000. 


0.180 


0.439 


0.386 


0.285 


13.69 


2.83 


1 .50 


136 


8000. 


0.250 


0.316 


0.301 


0.233 


15.36 


3.59 


1.55 


137 


8000. 


0.400 


0.198 


0.161 


0.131 


21.81 


7.34 


2.02 


138 


8000. 


0.650 


0.122 


0.020 


0.017 


64.03 


3.95 


1.56 



]VL'.L'\p 1(11 

% 

5.64 
4.23 
5.18 
5.68 
5.96 
6.21 
6.65 
1 1.4 
7.94 
25.1 
I 1.0 
5.30 
5.57 
5.68 
5.54 
6.19 
7.57 
13.3 
9.63 
23.8 
25.1 
13.4 
9.18 
10.1 
9.56 
10.6 
1 1.5 
14.6 
15.5 
26.4 
7.61 
5.98 
5.97 
5.57 
5.86 
6.38 
14.5 
7.13 
14.7 
7.76 
6.83 
6.56 
6.84 
8.16 
8.94 
10.5 
20.1 
38.0 
7.80 
8.10 
8.00 
10.3 
1 1.2 
12.0 
18.0 
8.54 
8.39 
9.77 
I 1.1 
12.6 
17.1 
43.7 
7.51 
9.95 
10.1 
12.9 
19.5 
44.8 
I 1.2 
14.1 
15.8 
23.1 
64.2 





5 a ve "p 


' avc.haJ 


<5ave,tot 




— — 


— 


— 




— GeV_ 


0.03 


0.00 


0.01 


5.64 


319 


0.07 


0.00 


-0.17 


4.23 


319 


0.27 


0.00 


-0.23 


5.19 


319 


0.29 


0.00 


-0.13 


5.69 


319 


0.38 


0.00 


-0.04 


5.97 


319 


0.50 


0.00 


0.19 


6.23 


319 


0.33 


0.00 


-0.14 


6.66 


319 


0.71 


-0.01 


0.64 


11.49 


319 


0.68 


-0.01 


0. 1 2 


7.97 


319 


0.63 


0.00 


-0.64 


25.07 


319 


-0.19 


0.00 


-0.05 


11.01 


319 


0.20 


0.00 


0.06 


5.30 


319 


0.31 


-0.01 


-0.13 


5.58 


319 


0.55 


0.00 


-0.17 


5.71 


319 


0.05 


0.00 


0.14 


5.54 


319 


0.09 


0.00 


0.12 


6.19 


319 


0.77 


0.01 


0.09 


7.61 


319 


0.43 


0.01 


0.44 


13.27 


319 


0.62 


-0.01 


0.00 


9.65 


319 


1.50 


-0.02 


0.60 


23.84 


319 


2.87 


-0.04 


0.04 


25.25 


319 


0.07 


-0.06 


0.80 


13.39 


319 


0.52 


-0.01 


-0.59 


9.22 


319 


0.19 


0.00 


-0.36 


10.08 


319 


-0.03 


0.01 


-0.12 


9.56 


319 


0.75 


-0.01 


0.31 


10.65 


319 


-0.44 


0.01 


0.00 


11.55 


319 


0.43 


0.00 


0.05 


14.59 


319 


0.64 


0.01 


0.94 


15.51 


319 


1.19 


-0.04 


0.29 


26.45 


319 


0.03 


0.00 


-0.20 


7.61 


319 


0.29 


-0.01 


-0.16 


5.98 


319 


0.36 


0.00 


-0.16 


5.98 


319 


0.23 


0.00 


-0.03 


5.57 


319 


0.19 


0.00 


-0.03 


5.86 


319 


0.20 


0.00 


-0.02 


6.38 


319 


0.41 


0.00 


0.40 


14.49 


319 


0.29 


0.00 


0.03 


7.13 


319 


0.79 


-0.01 


0.32 


14.69 


319 


0.00 


-0.01 


0.04 


7.76 


319 


0.08 


0.00 


-0.20 


6.84 


319 


0.27 


0.00 


-0.07 


6.57 


319 


0.23 


0.00 


-0.09 


6.85 


319 


0.37 


0.00 


-0.06 


8.17 


319 


0.12 


0.00 


-0.04 


8.94 


319 


0.66 


0.00 


0.17 


10.54 


319 


1.30 


-0.02 


0.48 


20.19 


319 


2.31 


-0.05 


0.46 


38.09 


319 


0.26 


-0.01 


-0.21 


7.80 


319 


0.46 


0.00 


-0.14 


8.11 


319 


0.75 


0.00 


0.03 


8.04 


319 


0.86 


0.00 


0. 1 1 


10.34 


319 


0.33 


0.00 


-0.12 


11.15 


319 


0.75 


0.00 


-0.02 


12.00 


319 


0.81 


0.00 


0. 1 8 


18.04 


319 


6 1 


-0 03 


-0 44 


8.57 


3 19 


0.31 


0.00 


-0.09 


8.40 


319 


-0.01 


0.00 


0.19 


9.77 


319 


0.41 


0.00 


-0.09 


11.05 


319 


0.19 


-0.01 


0.06 


12.56 


319 


0.74 


-0.02 


0.39 


17.12 


319 


0.17 


0.00 


0.06 


43.67 


319 


0.39 


-0.01 


-0.28 


7.53 


319 


0.34 


0.00 


-0.20 


9.96 


319 


0.08 


0.00 


-0.01 


10.09 


319 


1.16 


0.00 


0.20 


12.99 


319 


1.58 


0.00 


-0.31 


19.58 


319 


1.73 


-0.03 


0.63 


44.79 


319 


0.71 


0.00 


-0.25 


11.20 


319 


0.04 


0.00 


-0.18 


14.06 


319 


0.38 


-0.01 


0.05 


15.86 


319 


0.99 


0.00 


-0.30 


23.13 


319 


-0.06 


-0.01 


-0.02 


64.17 


319 



Table 15: Continuation of table 14 
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Bill 


Q L 


X 


y 




y?ave 


'^avu.slal 


f5ave,uncor 


5ave,cor 


<5ave,exp lol 


^ave.rcl 


Oave.gp 


^ave.had 


oave.tot 


VJ 


# 


GeV 2 










% 


% 


% 


% 


% 


% 


% 


% 


GeV 


139 


12000. 


0.180 


0.659 


0.453 




16.43 


2.69 


3.02 


16.9 


0.50 


0.00 


0.10 


16.92 


319 


140 


12000. 


0.250 


0.474 


0.282 


0.189 


21.74 


4.83 


1.55 


22.3 


0.05 


0.00 


-0.50 


22.33 


319 


141 


12000. 


0.400 


0.296 


0.093 


0.068 


35.72 


10.68 


2.55 


37.4 


0.84 


-0.02 


-0.11 


37.38 


319 


142 


20000. 


0.250 


0.791 


0.406 




26.54 


3.29 


2.47 


26.9 


0.38 


-0.01 


-0.07 


26.86 


319 


143 


20000. 


0.400 


0.494 


0.194 


0.118 


33.37 


7.52 


1.55 


34.2 


0.5 1 


0.00 


-0.25 


34.25 


319 


144 


20000. 


0.650 


0.304 


0.013 


0.009 


73.47 


34.51 


7.37 


8 1 .5 


3.18 


-0.04 


-0.40 


81.56 


319 


145 


30000. 


0.400 


0.741 


0.247 




47.25 


6.75 


5.97 


48.1 


-0.63 


0.00 


0.52 


48.11 


319 



Table 16: Continuation of table 14 



Bin 


Q 2 


X 


y 


d 2 4 + c " " vo /d.vde 2 


+ ave 
°>,CC 


<5ave,stal 


(W.uacor 


<5ave,cor 


<5ave.cxp lol 


<Wrel 


<Wgp 


*Whad 


5avctot 


VJ 


# 


GeV 2 






pb/GeV 2 


% 


% 


% 


% 


% 


% 


% 


% 


GeV 




1 


300. 


0.800 x IQ- 1 


0.371 


0.136 


1.417 


19.12 


2.80 


3.97 


19.7 


-1.25 


0.01 


0.09 


19.77 


319 


2 


300. 


0.130 x 10"' 


0.228 


0.695 


1.173 


8.83 


2.54 


3.59 


9.86 


0.40 


-0.05 


-0.32 


9.87 


319 


3 


300. 


0.320 x 10"' 


0.093 


0.210 


0.875 


8.09 


1.86 


2.00 


8.54 


1.20 


0.0(1 


0.15 


,8.62 


319 


4 


300. 


0.800 x 10"' 


0.037 


0.466 x 10-' 


0.484 


10.74 


3.1 1 


1 .68 


1 1.3 


0.64 


-0.01 


0.36 


11.33 


319 


5 


500. 


0.130 x 10"' 


0.380 


0.505 


0.904 


8.09 


2.67 


2.65 


8.92 


0.75 


-0.02 


-0.16 


8.95 


319 


6 


500. 


0.320 x 10"' 


0.154 


0.168 


0.740 


6.93 


1,84 


1.24 


7.28 


0.59 


0.00 


0.14 


7.30 


319 


7 


500. 


0.800 x 10" 1 


0.062 


0.509 x 10~' 


0.561 


7.36 


1.74 


1.15 


7.65 


-0.41 


0.03 


-0.04 


7.66 


319 


8 


500. 


0.130 


0.038 


0.242 X 10 _1 


0.433 


11.87 


2.63 


2.13 


12.3 


0.16 


0.02 


0.22 


12.35 


319 


9 


1000. 


0.130 x 10" 1 


0.760 


0.323 


0.664 


10.67 


2.99 


2.93 


1 1.5 


-0.80 


-0.03 


0.24 


11.49 


319 


10 


1000. 


0.320 x lO" 1 


0.309 


0.139 


0.701 


5.1 I 


1.38 


1.16 


5.42 


0.02 


-0.01 


0.04 


5.42 


319 


11 


1000. 


0.800 x 10" 1 


0.124 


0.434 x 10"' 


0.549 


5.73 


1.43 


0.77 


5.95 


0.12 


0.02 


0.20 


5.96 


319 


12 


1000. 


0.130 


0.076 


0.213 x 10" 1 


0.437 


8.25 


2.19 


0.96 


8.59 


0.29 


0.01 


0.08 


,8.59 


319 


13 


1000. 


0.250 


0.040 


0.702 x 10" 2 


0.278 


13.28 


4.01 


1.80 


14.0 


1.01 


-0.01 


-0.38 


14.03 


319 


14 


1500. 


0.320 x 10" 1 


0.463 


0.961 x lO" 1 


0.553 


7.91 


1.19 


1.27 


8.10 


0.1 1 


0.02 


0.16 


,8.10 


319 


15 


1500. 


0.800 x 10"' 


0.185 


0.312 x 10"' 


0.449 


7.82 


0.57 


0.82 


7.89 


-0.18 


0.00 


0.07 


7.89 


319 


16 


1500. 


0.130 


0.114 


0.156 x lO" 1 


0.365 


10.45 


0.74 


1.13 


10.5 


-0.28 


0.02 


0.09 


10.54 


319 


17 


1500. 


0.250 


0.059 


0.555 x 10~ 2 


0.250 


12.65 


1.40 


1.24 


12.8 


-0.16 


-0.02 


0.57 


12.81 


319 


18 


2000. 


0.320 x 10" 1 


0.618 


0.806 x 10-' 


0.524 


7.67 


3.18 


1.84 


8.50 


0.53 


0.03 


0.24 


,8.52 


319 


19 


2000. 


0.800 x lO" 1 


0.247 


0.251 x lO" 1 


0.408 


7.60 


2.88 


0.94 


8.18 


0.28 


0.03 


0.30 


8.19 


319 


20 


2000. 


0.130 


0.152 


0.146 x lO" 1 


0.386 


9.52 


3.79 


1.01 


10.3 


1.11 


0.03 


0.61 


10.37 


319 


21 


2000. 


0.250 


0.079 


0.418 x 10~ 2 


0.212 


13.93 


5.18 


1.13 


14.9 


1.58 


0.01 


0.38 


14.99 


319 


22 


3000. 


0.800 x 10" 1 


0.371 


0.192 x 10"' 


0.390 


5.20 


1.61 


1.13 


5.56 


0.29 


0.03 


-0.26 


5.58 


319 


23 


3000. 


0.130 


0.228 


0.939 x 10 -2 


0.310 


6.65 


1.54 


1 .08 


6.91 


0.38 


0.01 


0.08 


6.92 


319 


24 


3000. 


0.250 


0.119 


0.284 x 10" 2 


0.181 


8.98 


2.25 


1.18 


9.33 


0.42 


0.0(1 


0.02 


9.34 


319 


25 


3000. 


0.400 


0.074 


0.731 x 10" 3 


0.074 


20.21 


5.06 


2.06 


20.9 


1.08 


-0.06 


0.35 


20.96 


319 


26 


5000. 


0.800 x lO" 1 


0.618 


0.826 x 10" 2 


0.246 


8.94 


2.30 


1.73 


9.40 


0.66 


0.04 


-0.08 


9.42 


319 


27 


5000. 


0.130 


0.380 


0.482 x 10~ 2 


0.234 


7.32 


1.83 


1.18 


7.6-1 


0.61 


0.02 


0.00 


7.66 


319 


28 


5000. 


0.250 


0.198 


0.175 x 10~ 2 


0.163 


8.63 


1 ,98 


1.4.8 


8.98 


0.93 


0.00 


0.5 1 


9.04 


319 


29 


5000. 


0.400 


0.124 


0.462 x 10" 3 


0.069 


16.59 


3.98 


2.24 


17.2 


2.48 


-0.03 


0.47 


17.40 


319 


30 


8000. 


0.130 


0.608 


0.175 x I0~ 2 


0.135 


11.30 


3.60 


3.06 


12.2 


0.90 


0.05 


-0.13 


12.29 


319 


31 


8000. 


0.250 


0.316 


0.808 x lO" 3 


0.120 


10.68 


3.25 


2.12 


1 1.4 


1.51 


0.0 1 


-0.01 


11.46 


319 


32 


8000. 


0.400 


0.198 


0.222 x 10 -3 


0.053 


19.92 


6.77 


3.35 


21.3 


1.86 


-0.05 


0.42 


21.39 


319 


33 


15000. 


0.250 


0.593 


0.120 x 10 -3 


0.039 


21.82 


5.09 


3.75 


22.7 


1.75 


0.06 


-0.17 


22.79 


319 


34 


15000. 


0.400 


0.371 


0.1 13 x 10 -3 


0.059 


17.93 


7.02 


3.41 


19.6 


2.16 


-0.03 


0.42 


19.68 


319 



Table 17: HERA combined double differential d 2 a c ^ ave /dxdQ 2 and reduced <x+ c a ™ cross sec- 
tion for CC e + p scattering. 5 ave stat , 8 ave ^ uncoi , 6 av ^ cor and £ ave ,exp tot represent the statistical, uncor- 
rected systematic, correlated systematic and total experimental uncertainty, respectively. 5 ave re i, 
<5ave,gp and £ avei had are the three correlated sources of uncertainties arising from the combina- 
tion procedure, see section 3.2.3. £ ave ,tot is the total uncertainty calculated by adding 5 ave ,ex P tot 
and the procedural errors in quadrature. The uncertainties are quoted in percent relative to 
d 2 cr e C c ave /dxdQ 2 . The overall normalisation uncertainty of 0.5% is not included. 
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in 


Q 


x 


y 


,2 e pave , , An 2 
a Tqq jaxatj 


^r.CC 


<>ave,stat 


^ave.uneor 


<5ave,cor 


0ave,exp loi 


*ave,rel 


«ave,gp 


"W.had 


<W,lot 


rr 

V' 1 


# 


GeV 2 






pb/GeV 2 


% 


% 


% 


% 


% 


% 


% 


% 


GeV 




1 


300. 


0.130 x 10" 1 


0.228 


0.393 


0.663 


60.18 


7.49 


1 1.91 


61.8 


7.73 


-0.24 


0.43 


62.29 


319 


2 


300. 


0.320 x 10 _1 


0.093 


0.286 


1.188 


22.51 


6, 1 5 


6.22 


24.1 


6.87 


-0.06 


0.45 


25.11 


3 1 9 


3 


300. 


0.800 x 10 _1 


0.037 


0.632 x 10 _1 


0.657 


42.56 


8.72 


6.47 


43.9 


3.32 


-0.20 


0.86 


44.05 


3 1 9 


4 


500. 


0.130 x 10 _1 


0.380 


0.477 


0.854 


27.75 


7.42 


6.96 


29.6 


1.64 


-0.03 


0.18 


29.60 


319 


5 


500. 


0.320 x 10~' 


0.154 


0.249 


1.097 


17.39 


4.45 


3.94 


18.4 


2.27 


-0.12 


0.5 1 


18.52 


319 


6 


500. 


0.800 x 10 _1 


0.062 


0.764 x 10 _1 


0.841 


19.54 


4.50 


2.36 


2(1.2 


-0.28 


0.00 


0.58 


20.20 


319 


7 


500. 


0.130 


0.038 


0.545 x 10 _1 


0.976 


29.14 


6.511 


1 .99 


29.9 


-0.40 


-0.01 


0.89 


29.94 


319 


8 


1000. 


0.130 x 10" 1 


0.760 


0.708 


1.456 


25.99 


16.51 


5.59 


31.3 


-1.81 


0.00 


0.07 


31.35 


319 


9 


1000. 


0.320 x 10" 1 


0.309 


0.169 


0.855 


14.43 


4.05 


2.32 


15.2 


0.28 


-0.01 


0.35 


15.17 


319 


10 


1000. 


0.800 x lO" 1 


0.124 


0.628 X 10 _1 


0.794 


13.16 


4.18 


2.13 


14.0 


-0.15 


0.00 


0.31 


13.97 


319 


11 


1000. 


0.130 


0.076 


0.344 X 10 _1 


0.708 


17.24 


3.71 


2.66 


17.8 


-0.30 


0.02 


0.47 


17.84 


319 


12 


1000. 


0.250 


0.040 


0.140 x 10 _1 


0.554 


37.44 


10.50 


1.47 


38.9 


0.16 


-0.01 


-0.06 


38.91 


319 


13 


1500. 


0.320 x 10"' 


0.463 


0.155 


0.895 


18.04 


8.80 


2.66 


20.2 


0.21 


-0.01 


0.00 


20.24 


319 


14 


1500. 


0.800 x lO" 1 


0.185 


0.549 x 10 _1 


0.791 


14.02 


3.611 


I.S6 


14.6 


-0.01 


-0.01 


-0.03 


14.60 


319 


15 


1500. 


0.130 


0.114 


0.321 x lO" 1 


0.752 


18.04 


3.1(1 


2.24 


18.4 


-0.15 


-0.01 


-0.13 


18.44 


319 


16 


1500. 


0.250 


0.059 


0.102 x lO" 1 


0.458 


24.02 


2.05 


2.56 


24.2 


-0.37 


0.00 


-0.11 


24.24 


319 


17 


2000. 


0.320 x 10"' 


0.618 


0.131 


0.854 


15.55 


4.30 


2.30 


16.3 


0.35 


0.00 


0.47 


16.30 


319 


18 


2000. 


0.800 x 10" 1 


0.247 


0.567 x 10 _1 


0.923 


13.04 


3.80 


1.51 


13.7 


-0.11 


0.00 


0.31 


13.67 


319 


19 


2000. 


0.130 


0.152 


0.197 x lO" 1 


0.521 


21.20 


4.4(1 


1.48 


21.7 


-0.24 


0.00 


0.47 


21.71 


319 


20 


2000. 


0.250 


0.079 


0.861 x 10" 2 


0.438 


25.51 


6.5(1 


1.41 


26.4 


-0.11 


0.(10 


0.30 


26.36 


319 


21 


3000. 


0.800 x 10" 1 


0.371 


0.333 X 10 _1 


0.677 


9.91 


2.6(1 


1.75 


10.4 


-0.10 


0.00 


0.28 


10.40 


319 


22 


3000. 


0.130 


0.228 


0.211 x 10~' 


0.698 


10.88 


3.49 


1.45 


1 1.5 


0.84 


0.(11 


-0.01 


11.55 


319 


23 


3000. 


0.250 


0.119 


0.746 x 10~ 2 


0.474 


13.44 


3.33 


1.36 


13.9 


-0.08 


0.(10 


0.21 


13.91 


319 


24 


3000. 


0.400 


0.074 


0.246 x 10~ 2 


0.250 


26.82 


10.03 


2.99 


28.8 


1 .59 


-0.05 


-1.08 


28.86 


319 


25 


5000. 


0.800 x 10" 1 


0.618 


0.195 x 10"' 


0.581 


12.66 


4.23 


3.05 


13.7 


0.88 


0.02 


0.07 


13.72 


319 


26 


5000. 


0.130 


0.380 


0.129 X 10 _1 


0.626 


11.18 


3.42 


1.33 


1 1.8 


0.37 


0.00 


-0.12 


11.77 


319 


27 


5000. 


0.250 


0.198 


0.429 X 10 -2 


0.400 


13.35 


2.74 


1.41 


13.7 


0.59 


0.00 


0.10 


13.71 


319 


28 


5000. 


0.400 


0.124 


0.189 X 10 -2 


0.283 


18.80 


5.71 


2.53 


19.8 


2.41 


-0.02 


-0.96 


19.97 


319 


29 


8000. 


0.130 


0.608 


0.802 x 10" 2 


0.619 


12.72 


4.37 


2.16 


13.6 


0.44 


0.01 


-0.43 


13.64 


319 


30 


8000. 


0.250 


0.316 


0.380 x lO" 2 


0.565 


11.44 


3.23 


1 .59 


12.0 


0.54 


0.00 


-0.34 


12.01 


319 


31 


8000. 


0.400 


0.198 


0.105 x 10~ 2 


0.250 


19.41 


4.61 


2.91 


20.2 


0.99 


0.00 


-0.92 


20.20 


319 


32 


15000. 


0.250 


0.593 


0.133 x 10~ 2 


0.434 


16.39 


6.52 


3.49 


18.0 


0.27 


0.01 


-0.83 


18.00 


319 


33 


15000. 


0.400 


0.371 


0.372 x 10" 3 


0.195 


23.55 


5.91 


3.33 


24.5 


1.54 


0.(1 1 


-1.36 


24.59 


319 


34 


30000. 


0.400 


0.741 


0.106 x 10~ 3 


0.160 


54.99 


3.60 


9.58 


55.9 


1.38 


0.03 


-0.20 


55.95 


319 



Table 18: HERA combined double differential d 2 cr e c £ ave /dxdQ 2 and reduced cr^ c a ™ cross sec- 
tion for CC e~p scattering. 5 ave ,stat, (Wuncor, ^ave,cor and 5 ave ,exp tot represent the statistical, uncor- 
rected systematic, correlated systematic and total experimental uncertainty, respectively. (5 ave ,reb 
^ave.gp and 5 ave had are the three correlated sources of uncertainties arising from the combina- 
tion procedure, see section 3.2.3. <5 ave ,tot is the total uncertainty calculated by adding 5 ave , e xp tot 
and the procedural errors in quadrature. The uncertainties are quoted in percent relative to 
d 2cr cc ave /dxd<2 2 . The overall normalisation uncertainty of 0.5% is not included. 
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Figure 1: Distribution of pulls p for the following samples: a) NC e + p for Q 2 < 3.5 GeV 2 ; b) 
NC e + p for 3.5 < Q 2 < 100 GeV 2 ; c) NC e + p for Q 2 > 100 GeV 2 ; d) NC O; e) CC e + p and 
f) CC There are no entries outside the histogram ranges. RMS gives the root mean square 
of each distribution calculated as p 2 . The curves show the results of binned log-likelihood 
Gaussian fits to the distributions. 
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Figure 2: Distribution of pulls p s for correlated systematic uncertainties including global nor- 
malisations. There are no entries outside the histogram range. RMS gives the root mean square 
of the distribution calculated as pj. The curve shows the result of a binned log-likelihood Gaus- 
sian fit to the distribution. 
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Figure 3: HERA combined NC e + p reduced cross section as a function of Q 2 for six x-bins 
compared to the separate HI and ZEUS data input to the averaging procedure. The error bars 
indicate the total experimental uncertainty. The individual measurements are displaced hori- 
zontally for better visibility. 
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Figure 4: HERA combined CC e + p reduced cross section compared to the separate HI and 
ZEUS data input to the averaging procedure. The error bars indicate the total experimental 
uncertainty. The individual measurements are displaced horizontally for better visibility. 
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Figure 5: HERA combined NC e + p reduced cross section at very low Q 2 . The error bars indicate 
the total experimental uncertainty. 
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HI and ZEUS 




Figure 6: HERA combined NC e + p reduced cross section at low Q 2 . The error bars indicate 
the total experimental uncertainty. The HERAPDF1.0 fit is superimposed. The bands represent 
the total uncertainty of the fit. Dashed lines are shown for Q 2 bins not included in the QCD 
analysis. 
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Figure 7: HERA combined NC e + p reduced cross section for high Q 2 . The error bars indicate 
the total experimental uncertainty. The predictions of the HERAPDF1.0 fit are superimposed. 
The bands represent the total uncertainty of the fit. 
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Figure 8: HERA combined NC e~p reduced cross section. The error bars indicate the total 
experimental uncertainty. The HERAPDF1.0 fit is superimposed. The bands represent the total 
uncertainty of the fit. 
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Figure 9: HERA combined NC e + p reduced cross section and fixed-target data as a function 
of Q 2 . The error bars indicate the total experimental uncertainty. The HERAPDF1.0 fit is 
superimposed. The bands represent the total uncertainty of the fit. Dashed lines are shown for 
Q 2 values not included in the QCD analysis. 
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Figure 10: HERA combined NC e ± p reduced cross sections at high Q 2 . The error bars indicate 
the total experimental uncertainty. The HERAPDF1.0 fit is superimposed. The bands represent 
the total uncertainty of the fit. 
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HI and ZEUS 




Figure 11: HERA combined CC e + p reduced cross section. The error bars indicate the total 
experimental uncertainty. The HERAPDF1.0 fit is superimposed. The bands represent the total 
uncertainty of the fit. 
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Figure 12: HERA combined CC e p reduced cross section. The error bars indicate the total 
experimental uncertainty. The HERAPDF1.0 fit is superimposed. The bands represent the total 
uncertainty of the fit. 
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Figure 13: The parton distribution functions from HERAPDF1.0, xu v , xd v , xS = 2x(U + D), xg, 
at Q 2 = 1.9 GeV 2 . The break-up of the Sea PDF, xS , into the flavours, xu sea = 2xii, xd sea = 
2xd, xs sea = 2xs, is illustrated. Fractional uncertainty bands are shown below each PDF. The 
experimental, model and parametrisation uncertainties are shown separately. 
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Figure 14: The parton distribution functions from HERAPDF1.0, xu v , xd v , xS = 2x(U + D), xg, 
at Q 2 = 10 GeV 2 . The break-up of the Sea PDF, xS , into the flavours, xu sea = 2xu, xd sea = 2xd, 
xs sea = 2xs, xc sea = 2xc is illustrated. Fractional uncertainty bands are shown below each PDF 
The experimental, model and parametrisation uncertainties are shown separately. 
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Figure 15: The parton distribution functions from HERAPDF1.0, xu v , xd v , xS = 2x(U + D), xg, 
at Q 2 = 10,000 GeV 2 . The break-up of the Sea PDF, xS , into the flavours, xu sea = 2xu, 
xd sea = 2xd, xs sea = 2xs, xc sea = 2xc, xb sea = 2xb is illustrated. Fractional uncertainty 
bands are shown below each PDF. The experimental, model and parametrisation uncertainties 
are shown separately. 
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Figure 16: The parton distribution functions from HERAPDF1.0, xU,xD,xU,xD at Q 2 = 
10 GeV 2 . Fractional uncertainty bands are shown below each PDF The experimental, model 
and parametrisation uncertainties are shown separately. 
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Figure 17: The parton distribution functions from HERAPDF1.0, xu, xd, xc, xs at Q 2 = 
10 GeV 2 . Fractional uncertainty bands are shown below each PDF The experimental, model 
and parametrisation uncertainties are shown separately. 
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Figure 18: The parton distribution functions from HERAPDF1.0, xu v , xd v , xS = 2x(U + D), xg, 
at Q 2 = 1.9 GeV 2 (top) and Q 2 = 10 GeV 2 (bottom). The gluon and sea distributions are scaled 
down by a factor 20. The experimental, model and parametrisation uncertainties are shown 
separately. 
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Figure 19: The parton distribution functions from HERAPDF1 .0, xu v , xd v , xS = 2x(U + D), xg, 
at Q 2 = 1.9 GeV 2 (top) and Q 2 = 10 GeV 2 (bottom). The experimental, model and parametri- 
sation uncertainties are shown separately. 
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Figure 20: The parton distribution functions obtained using ACOT heavy-flavour scheme com- 
pared to HERAPDF1.0 for xu v ,xd u ,xS = 2x(U + D),xg, at Q 2 = 10 GeV 2 . The bands show 
total uncertainties of the HERAPDF1.0 fit. 
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